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SUMMARY SHEET

NORTHFTELD MOUNTAIN DIVERSION
MILIERS RIVER DIVERSION
NORTHEAST WATER SUPPLY STUDY

(X} Draft _ ' _ ( ) Final Environmental Statement

Responsible Office: U, S. Army Engineer Division, New England, Waltham,
Massachusetts

1. Name of Action: () Administrative (X) Legislative (Federal)

2. Description of Action: Involves solutions for meeting future water supply
requirements for Eastern Massachusetts and explores various alternative ways

to meet the projected needs for this region. Proposals include diversion
during high flow periods from the Connecticut River via the Northfield Mountain
pumped-storage facility directly to Quabbin Reservoir and by three other
alternative methods to utilize and transport water from the Millers River

Bagin to the Quabbin Reservoir.

3. a. Environmental Impacts: Implementation would assure svailability of
projected water requirements for Eastern Massachusetts. Provides means to
keep water quality high in Quabbin Reservoir by slowing down present deple-
tion rate. An increased nutrient level in Quabbin Reservoir is expected.
Depending on the alternate chosen, certain lands and waters will be dedi-

cated to water supply in the Millers River Basin. Millers River water quality
will be improved under two alternatives. May create a ghift in present fishing
patterns in Quabbin Reservoir.. High diversion rates would cause appreciable
loss of flow in the mginstem Millers River during portions of the diversion
period.

b. Adverse Environmental Impacts: May include a temperature rise below
the diversion point on the Millers River as well as a probasble lessening of
the sediment load and a partial loss of flushing action in the stream. No
adverse effects are predicted for the mainstem of the Connecticut River or
its estuary. WNo significant changes are predicted for Quabbin Reservoir.
Some biota will become entrapped or entrained by the Northfield pumped-
storage project.

4, Alternatives:

a. No Action g. Dual Water Supply Systems

b. Weather Modification h. Other Diversion Sites

. Desalinization i. Water Demand Control
Tmportation J Re-examination of Release Schedules
Wastewater Reuse k. Local Resource Potential
Ground Water Resources 1. Population Zoning and Regulations
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5. Comments requested (See attached sheets)

6. Draft statement sent to CEQ .
Final statement sent. to CEQ .




5. Comments Requested (247)

Federal

First Coast Guard District

Federal Aviation Administration

Department of the Interior

501l Conservation Service

Environmental Protection Agency

Federal Highway Administration

Bureau of Sport Fisheries & Wildlife
Department of Commerce

National Marine Fisheries Service

Office of Economic Opportunity

Federal Power Commission

New England River Basins Coumission

U.S. Geological Survey

"Department of Health, Educatlon and Welfare
Department of Hou81ng and Urban Development
National Park Service

Bureau of Qutdoor Recreation

U.S. Department of Transportation

North Atlantic Division, Corps of Engineers

State

Conn. Water Resources Comm,

Conn. Gffice of State Planning

Conn. Board of Fisheries and Game

Conn, Department of Eunvironmental Protection
Conn. Department of Community Affairs

Conn, Department of Public Health

Conn. Shell Fish Commission

Conn. Department of Agriculture

Conn. Institute for Water Rescurces
Hartford Metropolitan Distriect Comm.

Mass. Office of Planning and Programming Coordination

Mass. Department of Public Works
Mass. Department of Natural Resources
Mass. Department of Water Resources
Mass, Divigion of Fisheries & Game
Mass. Department of Public Health
Mass. Agricultural Experiment Station
Mass., State Geologist ‘

Mass. Water Resources Research Center
Mass, State Research Director

Mass, Department of Commerce and Development
Mass. Department of Community Affairs
Boston Metropolitan District Comm.



State (Cont'd)

N.H. Water Supply and Pollution Control Comm,
N.H, Water Resources Board '
N.H. Fish & Game Department
"N,H, Water Resources Research Center
N.H. Office of State Planmning
Office of the Governor of N.H.
N.H. Natural Resource Council
Department of Public Health
Water Resource Center
Department of Natural Resources
Department of Health
Statewide Planning Program
. Water Resources Boerd
Vt Resource Research Center
Vt. Department of Water Resources
Vt. Planning and Community Services Agency
Tri-State Transportation Comm,
Southern N.H. Planning Comm.
R.I. State Comp. Trans, & Land Use Plannlng Program
Connecticut Regional Planning Agencies
Capital
Central
Southeastern
Conn, River Estuary
Litchfield Hills
Midstate
Northeastern
Windham
Greater Brldgeport
Central Naugatuck Valley
Southwestern
Valley
South Central
Conn, Interregional Planning Program
Massachusetts Regional Planning Agencies
Metropolitan Area
0ld Colony
Southeastern
Montachusetts
Central Merrimack Valley
Northern Middlesex Area
Berkshire
Lower Pioneer Valley
Central Massachusetts
Cape Cod
Dukes County
Franklin County
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Private Organizations

Portland Water District

Connecticut Water Company
Massachusetts Audubon Society
Anderson-Nichols, Inc,

Union of Concerned Scientists, MIT

New England Natural Resources Center
League of Woman Voters, Mass, _

League of Woman Voters Conn.

Charles River Valley Group of the L.W.V,
Curran Agsociates, Inc.

Normand eau Associames Inc.

The Maine Assoc. of Conservation Comm,
WCAT-Berkshire Broadcasting

Orange Enterprise & Journal

Orange Board of Health

Abt Associates, Inc.

Essex Marine Laboratory, Inc,
Associated Industries of Mass,

New England Water Works Assoc.
American Water Works Assoc., Inc.
Salem and Beverly Water Supply Board
Westfield River Watershed Assoc.

Trout Unlimited

Millers River Watershed Council

Fenton G. Keyes Assoc.

Broadmoor Sanctuary

Nashua River Program

Massachusetts Wildlife Federation -
Worcester Telegram and Gazette

The Outdoor Message

National Wildlife Federation
Appalachian Mountain Club

Water Department, Cambridge

Ipswich River Watershed District Comm.
Conn. River Valley Flood Control Comm.
Merrimack River Valley Flood Control Comm,
Thames River Valley Flood Control Comm.
Conn. River Watershed Council, Inc.
Parker River Watershed Council
Farmington River Watershed Assoc.
Housatonic River Watershed Assoc.

Canoe River Watershed

Mystic River Watershed Assoc.

North and South Rivers Watershed Assoc.
Ad Hoc Committee

Blackstone Valley Watershed Assoc.
Charles River Watershed Assoc,

League of Woman Voters of R.I.

League of Woman Voters of N.H,

League of Woman Voters of Vt.



Private Organizations {Cont'd)

Comm, Assoc, of Conservation Comm., Inc.
Conn. Audubon Council

Conn. Forest and Park Assoc., Inc.

fhe Nature Conservancy, N.H. -
Council of Sportsmen's Clubs of Mass.,, Inc.
Mags. Assoc, of Conservation Districts
Mass. Forest and Park Assoc,

The Trustees of Reservations

Federated Sportsmen's Clubs of N.H., Inc.
Audubon Society of N.H.

Land Use Foundation of N.H,

N.H. Assoc., of Soil Conservation Districts
N.H. Natural Resources Council, Inc,
Seacoast Anti-Pollution League, N.H,
Society for the Protection of N.H, Forests
Statewide Program of Action to Conserve Our Environment, N H,
Audubon Society of R.I,

Environmental Council of R,.I., Inc.

R.I. Assoc. of Soil and Water Conservation District Supervisors
Vermont Natural Resouces Council

Merck Forest Foundation, Inc,

The Nature Conservancy, Vt.

Vermont Assoc. of Conservation Districts
Environmental Protection Comm., Conn.

N.E. Research, Inc.

Mass, Water Works Assoc.

New England Netural Resources Center
Worcester County League of Sportsmen
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Agency of Environmental Conservation, Vt.
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Ipswich River Water District

Neponset Conservation Assoc.

Westport River Improvement Assoc.

Essex County Greenbelt Assoc.

Temile River Task Force
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Reading Greenbeli Assoc.

Orange Conservation Comm.

Civil Engineering Dept. , Univ. of Conn.
Marine Resources Committee

Coastal Research Center , Univ. of Mass.
National Foundstion For Envirommental Control
Sierra Club

Environment Inform. Ctr, Inc.

New York Times

Greater Boston Ecology Action Ctr.
Metropolitan Area Plng. Council
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‘Mass. Port Authority
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INTRODUCTION

The 89th Congress recognized that the assurance of adequate supplies
of water for the great metropolitan centers had become & problem of
such magnitude that the welfare and prosperity of the United States
required the Federal Government to assist in its resolution., Conse-
'quently, the Congress enacted the Northeastern United States Water
Supply (NEWS) Study on 27 October 1965, under Title I of Public Law
89-298, |

A copy of the law, with ﬁ map of the study area on its reverse gide,
" is attached. It authorized the Secretary of the Army, acting thrdugh
the Chief of Engineers, to prepare plans tc meet the long range water
supply needs of the Northeast, in cooperation with Federal, State and
local agencies. The Chief of Engineers,.in turn, assigned responsi-
bility for the NEWS Study to the Division Engineer, North Atlantic.

The ﬁEWS Study area includes those river basins within the United
States which drain into Chesapeake Bay, into the Atlantic Ocean north
of Chesapeake Bay, into the St. Lawrence River, and into Lake Ontario,
The study area, therefore, includes all of Maine; New Hampshire,
Vermont., Massachusetis, Rhode Island, Connecticut, New Jersey, Delaware,
and the District of Columbia, and parts of New York,_Pennsylvaniﬁ,,
M#ryland, Virginia, and West Virginia.

An area of approximately 200,000 square miles, the area containé a
population of about 50 million persons which is projected to reach about

85 million by the yéar 2020. Some 60 percent of the present population

is concentrated in the five metropolitan areas of Boston, New York,



Philadelphia, Baltimore and Washington. It includes twenty of  the na-
tion's one hundred largest cities. The municipal water suppliers of
the region serve populations varying from less than 100 to 8.5 million.
-Although the area has an average annusl precipitation rate of about 40
inches, as compared to the national average of 3Q inches, precipitation
deficiencies in some parts of the area were up to 50 inches during the
October '61 to December '65 period. The area's vulnerability to water
shortage is revealed by the fact that some 1L million people, about 28
percent of the population, were restricted to some degree in their use
of water during this drought. Although public awareness of the prob-
lems of water supply is increased by drought experiences, drought is
not the only reason for concern. Available supplies of_water of good
quality will soon be inadequate, even under normal conditions, to meet
the needs of the expanding population and industrial growth.

The oblective of the NEWS Study is the preparation of a coordinated
general plan for essential water supply development in the Northesast
which will recommend to the Congress an active program for Federal,
State; local, and private organizations. Such plans shall provide for
appropriate financial participation by the States, political subdivisions
thereof; and other local interests, Tt will thus provide a public forum
~where all vitally concerned with the water supply problems of the area
can be heafd in developing_a plan to resolve one of the domestic prob-
lems now facing the United States.

In achieving its objective, the NEWS Study is presenting s regional

assessment of present and future water supply needs and will explore



alternatives for their solution. The study effort is being fully coor-
dinated through the various Federal, State, local and private agencies
and organizations, This coordination will assure that plans are con-
sistent with, and integral to, other concurrent water resource planned
develophent being formulated. Thus, the NEWS Study can provide a .
framework through which all elements may effectively work together

_ ﬁoward Securing adequate water supplies. During the siudy, iﬁterim
reports will be prepared to deal with critical problems which may be
encountered. These reports will containISPecific recommendations to
the Congress for authorization of major reservoirs, conveyance facili-
ties, or treatment facilities, as may be appropriate. The Northfield
Mountain Diversion and Diversion from the Millers River Basin are the
studies which are the subject of this preliminary draft Environmental
Statement.

The NEWS Stﬁdy effort was organized and initiated during the last
half of 1966 with the preparatlon of a plan of study and the acquisitlon
of data and reports. There followed a series of initial public hearings;
the development of statistical information on public and private water
supplies; a summary of drought information, including restrictions and
shortages experienced in various communities; an appraisal of the degree
of urgency for additicnal water supply in various regions of the study .
area; an analysis of the water supply potgntial of one selected area by
the use of advanced statistical hydrologic techniques; and the initiation

of studies in specific urgent regional metrbpolitan_areas.



The WEWS Study has established the premise that areas in which the
projected demand for water supply in 1980 will probably exceed the |
present capabilities of the systems will be considered in the "uargent"”
category., Tnder NEWS procedures, projects and regional programs for
these urgent sareas will be developed and made the subject of interim
reports which will be submitted to the Congress for authorization,

To identify these urgent areas, an initial appraisal was made of the
present systems to satisfy the projected 1980 demands., This appraisal
included an evaluation of present system capabilities, present and
.projected domestic and industrial consumption, population expansion and
economic growth. The eppraisal disclosed four critically'urgent areas
as follows:

l. Eastern Massachusetts and Rhode Island

2. Western Connecticut - Metropolitan New York City and

Northern New .Jersey

3. South Central Pennsylvania, Baltimore

4, Metropolitan Washington, D. C.

Once these critical areas had been identified; feasibility detail
studies were initiated to investigate altefnative engineering solutiona.
The western Connecticut ares, s&lthough in the New England Division, bee
cause of its_geographic proximity to the Metropolitan New York ares

- was studied in conjunction with that region, The second "urgent" need
area within New England, i. e. Eastern Massachuseﬁts, was studied by

members of the New England Division.
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- The Division Engineer, New England Division, cooperated in the NEWS
Study by preparing an engineering feasibility study for this area. Aimed
prhnarily at the water short areas of eastern Massachusetts, this study
included Rhode. Island, since evaluation of a potential regional scheme
could involve consideration for the future neéds of that state. The
study, initiated in December 1968, was performed in consultation with
representatives of the States of Massachusetts, Connecticut, Rhode Island,
and of the New England River Basins Commission. A report of the study
results, the engineering alternatives feasible for the area, was prepared
and submitted for review and camnenf in draft form in November 1969.
Following & review period aﬁd receipt of the review comments, & meeting
was held in May 1970 with rgpreSeptatives of the Federal, State, and
local agencies and interests to reach agreement on the best future course
for the NEWS Study to pursue in continuing studies in the area.

It was agreed that the Corps proceed with detailed studies on.the.
development of Tully Reservoir; initiate detailed studies on the Northfield
Mountain development to complement studies by the Metropolitan District
Commission; initiate studies on the requirements for improving the water
quality of the Merrimack River together with & detailéd investigation of
the use of the River as & possible water supply source for the Eastern
Massaéhusetts area; conduct a broad environmental impact study of water
supply alternatives; perform detailed studies of the effect of upstream
diversion on the estuaries of the Merrimack and Connecticut Rivers; and

explore the possibilities of advance site acquisition in Rhode Island.



In addition to the progress meetings, held during the course of the

study, four informal information meetings were held yithin the Millers

a
River Basin, These meetings were held In Athol, Maséachusetts on 21
October 1971 and 4 January 1972, in Winchendon, Massachugsetts on 2 March
1972, and in Athel, Massachusetts on 8 May 1972.

During December 1971 and January 1972, a series of four formulation
stage public meetings were held in Needham, Woburn, Orange, and Long-
meadow, Massachusetts. These meetings were designed to broaden publie
participation in the open planning process by describing the on-going
studies and receiving audience input. Some people spoke in favor of the .
plans presented. Others thought that we should concentrate on reducing
demand instead of diverting more water to Fastern Massachusetts, A
number of pgople at the Orange meeting suggested that water be diverted
from the Millers River itself after pollution abatement. These ideas
and others expressed at the public meetings were investigated as part
of our studies and considered in the formulation of all plans, late
Stage fublic Meetings were held in Waltham and Orange, Massachusetts on

July 5 and 6, 1972,

ENVIRONMENTAL IMPACT STATEMENT BACKGROUND INFORMATION

This statement consists of an assessment of the envirommental resources
affected by the Millers and Connecticut River diversions, an analysis of
the probable environmental impacts of each plan, and possible alternatives,
The study of the Merrimack River Diversion will be the subject of a

separate action,



The following pages describe the efforts of an integrated multi-
discipline team of both Corps:of Engineer-personnél and services_fram
two environmental consulting firms. Thisnpreliminary-draft statement
is meant to exémine the potentiél trade-=offs presented by the préposed.
water diversions.

A considerable portion of the-available-timé and effort was devoted:
during the course of the study to the ecological, environmentﬁl, and
public health aspects of the various proposals. Pages 56 to 105 located
in Section 3 of this statement contain specific.detailed information and
descriptions of the various analysis used by the two environmental
consulting firms during the course of the study. Although their complete
reports are not included as part of this statement, care has been taken
to.include all their principal findings and conclugsions for the benefit
of the reviewer.

The information contained herein reflects a preliminary.assessment
of the physical and biological characteristics of each donor and receiver
system and the potentially gffected resources based on existing knowledge.
- Some specific details on the probable effect identified for each proposal
are still unknown, In addition to public review of each proposed diversion
project, a thorough analysis will also be completed by various Federal,
State, and local agencies.

The preliminary assessmeht, which was prepered for the Late Stage
Public Mbetings, together with detailed envirommental data compiled by
contracted consulting firms, and information and comments gained at-the
public meetings, provided the basis for this preliminary draft Environ-

mental Impact Statement for the proposed diversion projects. This pre-



Liminary draft will be coordinated with all known interests. A 45 day
review period will be provided for public and private review. After
comments are received, this preliminary draft will be rewritten with
coﬁsidéf&tion given to pertinent views expressed during the coordination
period. All correspondence received will be sttached to the final |

version of the preliminary draft statement.



1. Project Description. Possible water supply diversion proposals

under_consideratibn for the purpose of providing water to the Boston
Metropolitan District area are: (a) diversion of Merrimack River-

water directly into the Metropolitan District Commission's system,

(b) diversion of Connecticut River water through the Northfield Mountain
pumped storage power project into Quabbin Reservoir, and {c¢) diverting
water from the Millers River Watershed into Quabbin Reservoir utilizing
three alternatives, namely: (1) Milleré River Divergion - taking water
directly from the Millers River, (2) Tully - Millers River Diversion -
taking water directly from the East Branch Tully River in addition to
the Millers River, and (3) Tully Complex Diversion =- taking water from
Tarbell Brook, Priest Bfook, Tully Reservoir and West Branch Tully_River.
No known National Register properties would be affected by the projects.

NORTHFIELD MOUNTAIN DIVERSION PROJECT

Authorization for construction of the diversion facilities from
Northfield Mountain to Quabbin Reservoir has been granted to the Metro-
politan District Commissibn by the Massachusetts State legislature,
Recognizing this fact, the representatives of the Federal, State and
local agencies and interests at the May 1970 meeting recommended that
the Corps of Engineers investigate the project as a very viable element
in any regional water supply plan for Southeastern New England. It was
further recommended that the NEWS studies be designed to complement those

under way, or planned by the Metropolitan District Commission,



The Northfield Mountain Diversion project as in the Millefs River
Bagin Alternatives would use & high flow skimming techniqué; that is,
flow would he diverted during highrflow periods, principally during
.sPring run-off periods. As & means of control, diversions would not
éccur if flow in the Connecticut River at Montague City U. 8. Geological
Survey gaging station is less than 17,000 cubic feet per second or about
11,000 million gallons per day. This control flow is specified in the
current Massachusetts State Legislation regarding the Northfield Moune
tain project.

Description of the Facilities

Tn this proiect, water would be diverted from the Connecticut River
through the Northfield Mountain pumped storage hydroelectric facllity
located in Northfield and Erving, Massachusetts,

The pumped storage project for electricity generation consists of
a.high level storage reservoir on Northfield Mountain, underground pump-
turbine facilities and low level storage in the Turuers Falls pool.

The high level reservoir consists of a system of dams and spillways
to provide 17,000 acre-feet of storage about 800 feet above the Turners
Falls pobl on the Connecticut River,

In order to provide the water supply diversion volume, the electric

utility would pump an additional 375 million gallons each day that con-
trol flows in the Connecticut River would allow. The additional yield
~which could be made available by this plan would be 8k million,gallons
per day on a long term average annual basis. Because of operational
considerations, however, the yield estimated to be made available to

Quabbin Reservoir is about 72 million gallons per day.
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in ordef to incorporate the water supply diversion into the Northe
field Mountain Project, three modifications to the pumped storage
facilities are necessary. These are:

1) Raising the upper reservoir located on Northfield Mountain
about b feet to provide about 50,000,000 cubic feet of additional storage
capacity.

2) Provision of hesad works at the upper reservoir for the diversién
aqueduct to Quabbin Reservoir.

3) About 9.8 miles of connecting aqueduct and outlet facilities at
@Quabbin Reservoir,

The first two items necessary for diversion have been.essentially
completely constructed at ﬁhe upper reservoir on Northfield Mountain by
the electric utility construction forces. A plan of these facilities is
shown in the attachment.

The third item necessary for water supply diversion is presently in
preliminary design stages by engineers at the MDC. A£ present, plans
indicate water would be diverted from the upper reservoir through an
eight foot diemeter steel pipe constructed in the east dike of the North-
field Mountain upper reservoir. Water would be withdrawn at an average
rate of 375 million gallons per dey and delivered to an intake shaft of
the Northfield-Quabbin tunnel agueduct.

The intake down éhaft would be & scroll type configuration with a .
digmeter of 16 to 18 feet. Water would be conveyed from a maximum
upper reservoir pool elevation of 1004 feet msl in tﬁis vertical shaft

"to the aqueduct at -elevation 300 feet msi.



The aqueduct would be a 10 foot finished diameter tunnel with a rein-
forced concrete liner, From the downtake shaft, the aqnedﬁct would run
about 0.5 miles to the vicinity of the south bank of the Millers River.

At the Milleré, a 10 foot diameter construction shaft would be excavated,
| Continuing to Quabbin, the agueduct would be driven about 3.0 miles
to the vicinity of Bullard Hill. In this tunnel reach, the agueduct
would rise from the 300' elevation at the Millers River to elevation hho!,
A second construction shaft would be prﬁvided at this location.

From Shaft‘No. 3, the tunnel would continue about 6.2 miles to the up=
take shaft located in Rattlesnske Hill adjacent to Quabbin Reservoir.

At Rattlesnake Hill, an uptake shaft would be driven from elevation 440
to elevation 500. - At elevation 500, the tunnel would be enlarged from

ten to 30 feet in width in a 150 feot long trgnsition zone, Flow entering
Quabbin from the transition zone would be conveyed in a 30 foot wide
channelrcut to the main channel of the Middle Branch of the Swift River.

Cdst estimates for the water Supply element of the project, including
the raising of the upper reservoir, intake works, connecting tunnel
aqﬁeduct to Quabbin Reservoir and outlet works, would total about 4O million
dollars.

Preliminary estimates of land needed for this project total about 30
acres, Lénd requirements for this plan may also involve about 5 acres
for rock excavated from the tunnel., The firm requirement for these lands,
however, w@uld be determined during detailed design.

A major element considered im the evaluation of this project was the
impact which the diversion could have on the environmental health of Quab-
bin Reservoir. A description of these possible impacts is included in

Section 3.
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MILIERS RIVER BASIN ALTERNATIVES

Three alternatives were developed to meet the water demands of the

e i —————

expanded regional system. Plates of these three alternatives are included
at the end of this section as well as an estimated demand chart; The
first is diversion directly from the Millers River above Athol to
Quabbin Reservoir. This diversion would result in an average annual
yield of 68 mgd and would require advanced treatment of the point sources
“of pollution on the Millers River, upstream of the diverszion site. The
second alternstive is a combination of one and three. Water would be
diverted only from the East Branch Tully River and from the Millers River
above Athol, resulting in an average amnusl yield of 76 mgd, As in the
first alternative, advance waste treatment of the pollution scurces

would be required; but because Tully Lske would not be used for water
supply storage, the reservoir would not have to be stripped. Altermative
three is the Tully Complex - a series of small diversion works on four
tributaries of the Millers River. An average annual yield of b8 mgd is
expected with no treatment required before entering Quabbin Reservoir.

Alternative No. 1 - Millers River Divergion

The potential of diverting water from the Millers River to Quebbin .
Reservoir was recognized even prior to the construction of the reservoir.
Thus when the reservoir was designed and constructed in the 1920°'s and
1930's, the storage capacity was intentionally developed larger than
the natural drainage area might require. With this historic precedence,

-aiversion from the mainstem Millers River, fherefore, was one of the

alternatives investigated in the NEWS Study. In this alternative, water
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would be diverted from the mainstem Millers River above Athol, Mass.

An inlet structure on the Millers River, a 10-foot diameter tumnel to
Quabbin Reservoir and an outlet structure within the reservoir area
would be required. At present, proposed pollution sbstement pians by
Massachusetts State Agencies include secondary trestment on all point
sources of pollution on the Millers and Otter Rivers, However, inves-
tigations indicate that additionai treatment appears necessary to insure
a good water supply source and have been included as elements in this
alternative,

The diversion site would be located on the Millers River about three
miles upstream from the confluence of the Tully and Millers Rivers in
Athol, Massachusetts, The structure located in Athol would consist of an
inlet to the 10 foot diameter tunnel to Quabbin Reservoir controlled by
a combination weir-bascule gate extending across the Millers River. The
concrete control structure,‘lQG feet long, would provide a regulated .
pool for the inlet shaft. The baécule gate, 70 feet long and 5 feet high,
would regulate the wmter height and velocity to the inlet., During
diversion, the bascule gate would be raised creating z stilling pond and
increasing the water level above the elevation of the inlet structure
weir, The 22 foot diameter worning glory inlet tapering to the 10 foot
diameter inlet shaft would be located on the northern bank in the center
of a 60 foot square chamber cut in rock. The three 8 x 8 foot gates to
the inlet chamber would be Qpened only when diversions were occurring.
By regulating these gates ig‘conjunction with the bascule gates, any

combination of diversion flows and &ownstream flows can be achieved.
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Water diverted from the river would enter the morning glory inlet
and drop down the 10 foot dismeter vertical shaft into the tunnel. The
10 foot diameter tunnel would run & distance of 7 miles from the the
Millers River inlet to a point south of Geys Hill on Qpabbin Reservoir;
The tunnel would be excavated in rock by mole methods and lined with
concrete to a finish diameter of ten feet. Both the inlet and outlet
shafts would be used as construction shafts. The outlet at Quabbin
‘Reservoir would consist of an inclosed transition structure, a concrete
stilling basin and a 20 foot wide trapazoidal channel leading to the
Middle Branch of the Swift River in Quabbin Reservoir. The structure
would bé founded on bedrock and includes a wet well with two 8 x 8
foot gated passageways and & control building. The stilling basin would
reduce velocities to a reasonable level if Guabbin Reservoir was below
elevation 503 msl; but if the pool was higher, discharge would be directly
into the pool. The riprapped channel would extend from the stilling basin
some B00 feet across a swampy area to the original Middle Branch of the
Swift River channel, This channel makes its way to Windsor Dam and
the Quabbin-Wachusett tunnel inlet,

At present, the Millers River mainstem ig highly polluted. There
are six major sources of pollution upstream from Athol, which incluﬂe
four municipal and two industrial sources. The Otter River receives
wastes from Gardner, Baldwinville, Seamsn Paper Compeny and Baldwinville
Products Company; and the Millers River, from Winchendon and South
Royalston., The remainder of the watershed.is basically forested with

individual homes, small farms and an occasional smell business. The
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major sources of pollution in the basin above Athol are the two paper
mills located on the Otter River, All of thege pollution sources cause
the 0tter River and the Millers River from its confluence with the Otter

River to be of unsatisfactory quality.

As it exists at pfesent, then, diversions for water supply purposes
cannot be considered because of water quality problems. A report pre-
pared by the Metropolitan District Commission for the Massachusetts State
Senate in 1967 bears out this conclusion. In that report, it was noted
that the Millers River mainstem would require "elimination of sewage and
manufacturing wastes before consideration could be given to these sources
for water supply purposes."

The NEWS Study, however, cognizant of the Massachusetts and Federal
Pollution Abatement schedule, next attempted to forecast the effect of
pollution abatement on its plans. Based on our evaluation, it appeared
that the river, even after proposed secondary treatment “"clean up,"
might require additional or advanced waste treatment at the point sources
of pollution., This additional treatment, over and above that presently
plamed, is thought necessary to insure good quality water which would
not be injurious to either publi¢ health or to the envirommental guality
of Quabbin Reservoir.

Additional yield which could be mede available by this alternative
would be asbout 68 million gallons per day on an average annual basis,

A number of questions still remain, however, on the water quality of
the Millers River evén after "clean up! First, will existing sludge

deposit within the river be a factor in the river water quality when the
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river is to be tapped as a supply source? Limited data indicates this
sludge may contain trace metals such as mercury and cadmium, which are
injurious,to health. Second, what influence would non-point_sources

of pollution, e.g., old abandoned dumps, urban run-off, etc., have on

the water qnality? Third, advanced waste treatment applications are
limited., Although experience to date has been favorable, can it be sasid
with certainty that plants would be performing te full expectation at the
time diversions were needed?

Answers to all of these questions are, of course, difficult without
the benefit of actually ocbserving the river's natural reaction to "clean
up." If, for example, this alternative were chosen and work underteken,
thére is a possibility that the river may still not be suitable for
diversion to Quasbbin., If this, then, were the case, the needed supply
would not be available for communities in need.

In an attempt to answer whether in fact it.eould be guaranteed that
the river would be suitable for diversion as a water supply source wnen
needed, both State and Federal Public Health authorities were consulted.
Tn correspondence directed to the Massachusetts Department of Public
Health, the question was asked, "Would the responsible State Agencies,
including the Public Health Department, agree that diversions frem the '
Millers Rivef itself could be accomplished without actual observation of
the river's natural reaction to pollution abatement and resulting water
quality." The response to this question in part reed, "pPlans and pro-
posals for the eventusl construction of municipal and industrial waste

treatment plants, degree of treatment, effectiveness of treatment and
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operational problems are all areas subject to so many variables that
the Department is unwilling to speculate on the hypothetical premise
of the suitability of this supply under any given set of conditions."

Apparently, then, if this alternative were chosen, no guarantee can
be given that water when needed would be available, This "risk".then was
also considered in the evaluation of this and the other alternatives. -

The qnestion 8til) remains, however, and will remain until the
actual "cleaned up" river water can be tested and evaluated, as to the
impact of diverted Millers River water on Quabbin.

If this alternative were implemented, however, the socic-economic
jmpact on communities within the basin should be positive. The facili-
ties to insure use of the river as a water supply source would provide
an excellent quality water in thé river. A clean Millers River would
open up important new recreation and land use opportunities, not now
enjoyed becguse of the polluted nature of the river. Quabbin Reservoir's
environmental quality may be insured and the entire regiqn would benefit
by its continﬁing good quality,

In summary, then, clean up and diversion of Millers River water
as a water supply source has many advantages from an econemic, environ-
mental and socio-economic viewpoint.

Disadvantages associated with this proposal are the unkpown factors
which may preclude use of the river whenAneeded. These unknowns include
both public health and envirommental considerations relating to Quabbin
Reservoir and consumers of the system's water. Also, if water were not

available when needed, large socio~economic impacts could be anticipated
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in those cities and towns which rely upon the Quabbin - Wachusett -
Sudbury Reservoir system.

Alternative No, 2 -~ Tully-Millers Diversion

In this plan, diversion from the Millers River Basin would be
accomplished via withdrawals from the East Branch Tully River and the
mainstem of the Millers River above Athol, Massachugetts. Facllities
necessary for development would include a morning glory t&pe'inlet-
structure just downstream from the existing Tully flood control reservoir
and an 8 foot diameter tunnel to the Millers River above Athol. At the
Millers River, a second tunnel inlet would be constructed and from this
location, a 10 foot tunnel would be driven to Qnabbin Reservoir where
water would be discharged through an outlet structure. As in Alternative
No. 1, waste treatment plants on six point sources of pollution would
also be requiréd. Plate No.2 shows the location of the proposed structures.

One diversion site for this alternative is located at the existing
Corps of Engineers flood control reservoir on the East Branch Tully River.
However, no storage would be used for water supply within the flood
contrsl reservoir, The site is located about 4 miles upstream from the
confluence of the Tully River and Hillers River in Athol. The structure
would consist of an inlet to the 8 foot diémeter tunnel to the Millers
River asbove Athol and an 8 foot high bascule gate attached to the existing
Tully Lake outlet channel.

The existing outlet channel of Tully Lake would be enlarged to 30 feet

wide for & distance of 1200 feet, A 30 foot long, eight foot high gate
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would regulsete the water height and velocity in the outlet channel."

During diversion; the bascule gate and the three 8 x 8 foot gates would

be raised creating a stilling pool and 1ncreasingfthe water level above

the lip of the tunnel inlet. The 22-foot morning giory drop inleﬁ would

be located adjacent to the outlet channel in the middle of a 60 foot square
chamber cut in rock. The three 8 x 8 foot gates to the inlet chamber
would be opened only when divefsions were occurring. By regulating.these
four gates and the gates at the existing dam, any combination of divérsion
flows and downstream flows can be achieved.

Water entering the morning glory inlet would drop Some 312 feet down
the vertical eight-foot shaft into the tunnel. The eight-foot dimmeter
tunnel would be driven a distance of 2.5 miles from the outlet of Tully
Lake to a point upstream of Athol on the mainstem of the Millers River.
The tunnel would be excavated by mole methods and concrete lined to a
finish diameter of eight feet.

The Millers River diversion would be in the same location as Alter-
native No., 1. The facilities would include a weir-bascule structure
across the river and a morning glory inlet to the tunnel. A ten-foot
diameter tunnel would run from the Millers River intake to an outlet at
Quabbin Reservoir. All these facilities would be similar to tﬁose re-
quired in Alternative No. 1.

An analysis was made on the present and projected waste loadings u?-
stream of the diversion sites, on the present and planned treatment and
on the present and planned waste effluents, Based on available infor-

mation, it appears the East Branch Tully River water is of good quality
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requiring no treatment prior to discharge into Quabbin ReServbir.' How-
ever, a& in Alternstive No. 1, further.treaxment of Millers River water
is required.

The operation of this diversion would depend first on the flow in
the Connecticut River as measured at the U.S.G.S. gaging station at
Montague City, Massachusetts; and secondly, on the flow in the rivers
at the two diversion sites. On any given day, the flow in the Connecticut
‘River at Montague City would be checked to see if the flow is above
17,000 cfs. If it is not, then no diversion would occur no wmatter what
the flow in the Millers or Tully Rivers is., If the flow in the Millers
'River at the diversion site is less than the flow determined.to be required
.for the river and its en;ironment, then no diversion from the Millers
River would occur., This required flow, referred to as the control flow,
was determined from flow requirements for assimilation of wastes, for
fish and wildlife, and for riparian rights and is related to the time

of year and the drainage area. The following table shows the control

flows at the Millers River intake:

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec .
coM 0.5 1.25 2.0 1.0 0.75 0.5
CPs 100 250 koo 200 150 100

Iff the Comnecticut River flow is above 17,000 cfs and the Millers
River flow is above the control flow for that day, then diversion from

the Millers River would cccur, In ne case would water be diverted lowering

the flow in the river below the control flow. 'But, neither would the flow



be augmented when it was naturally below the control flow. So, the rate
of diversion on any given day could vary from zero to the maximwm capacity
of the tunnel, 730 cfs,

The same procedure would apply for diversion of East Branch Tully
River watef, except the control flows and the maximum diversion rate
would be less. The control flows at the East Branch Tully River intake

are as follows:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. . Dec
CSM 0.5 1.25 2,0 1.0 0.75 0.5
CrS 25 63 . 100 50 38 25

If the Connecticut River is above 17,000 c¢fs and the East Branch
Tully flow is above the control flow for that given day, then diversion
from the East Branch Tully River would occur. The rate of diversion on
any given day could vary from near zero to 490 cfs, the mawimum capacity
of the tunnel.

The flow rates in the Connecticut, Millers and East Branch Tully
Rivers would be automatically fed into the control centers at the Tully
and Millers River intékes. Also, water quality readings would be con-
stantly read from the monitoring station one-half_mile upstream of the
Millers River diversion site. This information would then be used to
determine if the divéréions would occur and if so, at what rates. Diversion
might occur at both sites simultaneously or possibly only at one site
depending on the river flows. The bascule gates and inlet gates at each
diversion site would be regulated in such a mammer as to divert the

maximum total amount of water to Quabbin Reservoir. The entire operation

would essentially be controlled from the Millers River intake.
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The same investigations as in Alternative No. 1 were performed %o
determine the effects on the enviromment of Alternative No. 2. Eassentially,
the effects would be similar to those of Alternative No., 1 - Millers
River Diversion., This is due to the fact that comparable percentages
of water will be diverted from the same watershed, The only difference
is that water would be diverted from the East Branch Tully River afféctiﬁé
some 3 miles of the East Branch and 1 mile of the Tully River.

Tﬁe same summary of possible environmental impacts on the estuary
holds for Alternative No. 2 as for Alternative Wo. 1. Essentially, the
changes due to diversion should not be significant, thus having only
minimal'bioiogical effects.

On the Connecticut and Millers Rivers, similar imp&gts are expected
as outlined in Alternative No, 1 - Millers River Diversion. The only
difference would be the reduction in flow and stage on the East Branch
Tully River and on the Tully River. With these limited reductions on the
East Branch Tully River and the Tully River, minimal impacts on the four
miles of two rivers are foreseen., Groundwater levels and water temperatures
should sta& about the same. The other downstream impacts have been given
in the discussion of Alternative No. 1.

‘ As in Alternative No. 1, the impact of diverted Millers River water
on Quabbin Reservoir is impossible to discuss, but in very general terms,
However, the East Branch Tully River water is presenﬁly edequate to be
diverted to Quabbin, It is of the same quality as the Ware River which
has been diverted for 30 years with no noticeable long-term impacts.

Tn fact, diversion of East Branch Tully River water wmay help to improve

the quelity of Quabbin after the Connecticut River diversion is imple -
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mented, This hinges around the "treatment plant" capacity of the reser-
voir to handle some festoration of water quality. By adding better
quality water, such as the Fast Branch, the total volume is increased
probably improving this capacity and the water quality.

Multi-purpose applications of this alternative would be similar to
the Millers River alternative. The Millers River would be returned te
its previous excellent quality offering numerous recreation opportunities.
Additional incidental flood control benefits would occur because higher
discharges from Tully Dam would be possible, knowingrthat & maximum of
490 efs would be diverted to Quabbin Reservoir. However, this would re-
duce the amount of water diverted from the Millers River because the
maximum capacity of the 10 foot section of tunnel is 730 efs. During
times of potential flodding, coordination should be maintained between
Tully and Birch Hill Dams and the two diversion sites_to insure the
proper operation for flood control. 5Still, the benefits for flood con-
trol protection attributable to this alternative are minimél.

The existing "Master Plan for Reservoir Development" of Tully Dam -
would remain essentiglly the same, The plan consists of the development
of a day-use park ares including swimming facilities, Doane Falls scenic
area, an overnight camping ares, & canoe.and hiking reserve and a prim-
itive pienic and hiking area. The only changes from the 19565 Master Plan
would be the redesign of the sanitary facilities to meet the Massachusetis
Department of Public Health standards for water supply stresms. Also,
no diversions from Tully would occur during the recrestion season. This

would insure the protection of Quebbin Reservoir. With these changes,
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the seasonal use of Tully Lake for recreation would be developed
accor&ing to the Master Plan, |

The Tully-Millers alternative offers the same recreation and water
quality opportunities as the Millers River alternative, but also provides
flood control protection on the East Branch Tully River. BSome 30 miles
of streams would become excellent quality, increasing the aesthetic
value of the river and associated land.

On the East Branch Tully River, no further testing on a scheduled
‘basis ﬁﬁﬁld be required. Samples would be taken on an intermittent
basis (four or five times during the diversion period). If anything
sﬁdwedrup in these samples, then & sanitary survey would be performed
to igolate the problem.

On the Millers River, the monitoring and sampling programs would be
the same a8 for the Millers River alternative. A monitoring station would
be set'np a mile upstream of the diversion site and samples would be
taken on a year round basis, a half mile downstream of the confluence
of the Otter River. This program will provide smple protection against
pollution reaching Quabbin Reserveoir, and provide a valuable index of
the Millers River water quality. Similar sampling stations as in the
Millers River alternative would be set up in Quabbin Reservoir,

Alternative No, 3 - Tully Complex Diversion

This water supply plan for diversions from the Millers River Basin
involves the construction of an 8-foot diameter tunnel from Tully Lake
to Quabbin Reservoir, a dam on Priest Brook, and diversion structures

on Tarbell Brook and West Branch Tully River. Water would be diverted
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in a pressure conduit from Tarbell Broock to the proposed Priest Brook
ponding area. Pumping facilities at the Priest Brook Dam convey this
water together with Priest Brook water to Tully Lake. A gravity feed
tunnel would then divert these two brook's water plus the East Branch
Tully water out of the basin to Quabbin Reservoir. Water from the West
Branch Tully could then be pumped into the tunnel near the confluenée of
the East and West Branches of the Tully River. Recreation and wildlife
management programs are also included at these diversion sites.

The Tarbell Brook diversion site is located in Winchendon,_Massachua
setts, about one-half mile upstream of the confluence of Tarbell Brook
with the Millers River. The structure consists of a 75 foot long weir
and pumping station. A 28 acre pool with & maximum depth of nine feet
would be formed by the weir with & top elevation of 840 msl. The inun-
datedrarea would bhe cleared and grubbed to improve its appearance.

Water would be drawn from the pool and pumped through a 42" diameter
pressure conduit running beside Royalston Road to the Priest Brook
ponding area. The pumps and pipeline would bve designed {o carry a
maximum of 90 cfs.

The Priest Brook Dam is located on the Winchendon-Royalston town
line, just south of Winchendon Road, some 2-3/k miles from the confluence
of Priest Brook with.the Millers River. The pool at spiliway crest
would have a surface area of 40O acres and a maximum depth of 30 feet.
The inundated area downstream of Royalston Road has to be stripped or.
covered with a gravel blanket to prevent degradation of the water. A

weir located upstream of Royalston Road would form a 40 acre wildlife
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pool. Regulation of this pool would occur during the summer and fall

to maintain & shallow depth of water (dpproximately 5 feet). The 45 foot
high main dam buffers the river flow and as such the pool is intermittently
filled and emptied inundating the permanent wildlife weir.

A pumping station located at the outlet would divert up to 120 cfs
through a T2-inch pressure conduit to Tully Lake. The pressure condultl
will run west beside Winchendon Road until it intersects a power line
running northwest. Then the conduit follows this easement to Long Pond
cn the East Branch Tully River.

The diversion site én the East Branch Tully River is located at the
outlet of the existing Corps of Engineers Tully Flood Control Resérvoirq
The exiéting outlet chennel would be enlarged and a morning glory inbtake
structure and a 7 foot high modified bascule gate added. Only two inches
of the 8.3 inches of run-off storage in Tully would be utilized from
15 September to 15 June for re-regulating flows for diversion to Quabbin
Reservolr. The remainder of the year, & recreation pool would be held
at elevation 649 msl and no diversions from Tully would occur. In order
to improve the water quality, the 620 acres inundated would be cleared,
grubbed and stripped. Water diverted would enter the morning glory inlet
and drop some 312 feet down the vertical eight-foot diameter shaft into
the tunnel, The eight-foot diameter tunnel would run horizontally at
elevation 300 msl for some 2.2 miles to the entrance shaft from ihe West
Branch Tully River diversion.

The West Branch Tully River diversion site is located about 800 feet

upstream of the confluence of the East and West Branch Tully River. The
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structure consists of a 320 foot long, 25 foot high earth filled dam

with a 50 foot wide spillway, a water intske chamber and a pumping station.
A permanent 13 acre pool would be formed by the dam to divert from and

for wildlife habitat. A maximm of 90 cfs would be pumped from this pool
to the intake shaft through a 30-inch diameter pressure conduit.

The water entering the eight-foot diameter tunnel would join with
the flow from Tully Lake running in an 8.6 mile, eight foot diameter
tunnel from the outiet of Tully Lake to a point south of Gay's Hill on
Quabbin Reservoir. The tunnel would have & maximum capacity of 390 cfs.

The tunnel outlet would consist of an inclosed transition structure,

a concrete stilling basin and a twenty foot wide trapezoidal channel
| leading to the Middle Branch of the Swift River in Quabbin Reservoir.
The stilling basin would reduce velocities to a reasonable level if
Quabbin-Réservoir wﬁs below elevation 503 msl; but if the pool was higher,

discharge would be directly into the pool.
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2. Environmental Setting Without the Project.

Northfield Mountain Diversion - Connecticut River Basin =

The Connecticut River from-its origin flows south for approximately
Lok miles, the lower 60 of which are tidal, and drains an area of 11,265
square miles before emptying into Long Island Sound. The river flows
through wilderness areas as ‘well as highly yopulated urban communities
such as Holyoke and Springfield, Massacﬁﬁsetts, and Hartford, Connecticut.
Sixteen dams have been ereéted along the mainstem of the river, primarily
to provide hydroelectric power.

The river supports industry,rnavigation, recreation, sport and
commercial fisheries, as well as provides a domestic water supply to a
number of cammunities in snd outside the basin.

Historicaily, the Connecticut River has supported major runs of
anaﬁromous fishes including American shad, alewives, bluebsck herring,
rainbow smelt, sturgeon, and Atlantic salmon. Though the first four of
these species still complete their annual migrations for spawning within
the lower reach, all were eliminated from the upper portion subsequent
to dam construction. The Atiéntic salmon has been entirely eliminated,

A sport fishery does exist throughout the river's length; however, it
reaches peak importance along the tributaries, largely through annual
stockings of trout to maintain a "put-and-take" sport fishery. Efforts
are being expended to reatore anadromous fish to the entire watershed
through construction of fish passage facilities at obstructions not
having these and operation of salmon hatcheries. Pollution abatement
programs to comply with State standards shouid lead to restoration of

high quality aguatic resources and their utilization. - The Environmental
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Protection Agency's pollution abatement schedule for the Connecticut_
River sets 1976 as completion date for pollution control facilities.

The proposed diversion site at Northfield Mountain is located with
a soon to be coﬁpleted pumped storagé.hwdroelectric facility. The
pumps would be used during the non-génerating period for the transfer
of water from the Connecticut River via tunnel to Quabbin Reservoir
during the spring run-off period. Anadromous fish species are not
now found in this portion of the river, however, approximately 25
resident species have been collected within thig reasch, Three of these
species are important sport fishes (walleye pike, bullhead, small-mouth
bass).

Existing water quality is good to poor (B through D) depending
upon location to population centers., The river receives both treated
and untregted sewage as well as significant amounfs of industrial waste.

Guabbin Reservoir

Quabbin Reservoir is the largest body of water in Massachusetts
and the largest man-made impoundment in New England. It encompasses
approximately 25,000 surface acres when full., Quabbin serves primarily
as a domestic water supply source for 42 communities within the Metro-
politan District Commission's jurisdiction. Public use of the impound -
ment is regulaﬁed by the MDC through controlled access and specific
regulations, Quabbin has developed an excellent and popular sport
fiéhery through the joint efforts of the MDC and the Massachusetts
Division of Fisheries and Game, The more important species entering the
sport fishery include: landloéked salmon, lake trout, small and large

mouth bass, rock bass, pickerel, bluegill, pumpkinseed, brown bullhead,
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white and yeéllow perch, brown trout and fainbow trout. Some brook trout

are taken in the tfibutaﬁies. | |
Unpcpulated.State owned lands encompass more than 80,000 acres,

most of which is covered by a dense coniferous Torest. Although the

. project area contains an abundance of game animals, huﬁting is not

éllowed.'_Recreational use conSistg of regulated boating, fishiﬁg, sight-

seeing and hiking.

Millers River Basin

The Millers River rises in Ashburnham, Massachusetts and flowé in a
westerly direction for about 45 miles through Winchendon, Athol, and
Orange %o its confluence with the Cennecticut River at Montague and
Erving, Massachusetts. It has a drainage area of 392 square miles.

Principal tributaries of the Millers River are the Otter and Tully
Rivers, There are two completed flood control déms in the Millers River
Basin: Birch Hill Dam on the Millers River, and Tully Dam on the East
Branch of the Tully River. The Millers River Basin is characterized by
78% forest cover, 11% open land, 8% wetland, and 3% urban ares.

The main stem of the river contains both treated and untreated
domestic sewerage and substantial amounts of industrial waste from
several communities. The Otter River, one of the main tributaries to the
Millers, is also heavily contaminated with sewerage and industrial waste,
but for the most part, the small tribufaries within the Miilers Basin are
relatively free of pellution.

Good trout habitat exists upstream of the confluence with the Otter

River within the Birch Hili and Winchendon areas_and this reach is stocked



annually with rainbow trout by Massachusetts-Division of Fish and Game.
As a result of pollutioﬁ in the Otter River and downatream reacheé of
the Millers River, -a sport fishery is non;existent. Fish species con-
_sist primarily of suckérs and bullhead. An occasional large mouth bass
is taken well downstream near-the confluence with the Connecticuﬁ River;
however, the existence of this épecies is entifeky dependent on water
quality. Whiteiwéter canbeing is a very popular recreational activity
during the spring freshet sesson.

Alterngtive No, 1 Millers River Diversion

Alternate No. 1 proposes diversion'directly from the Millers

River above Athol to Qﬁabbin Reservoir, Frdm'the city of Athol extending

downstream to the Orange dam the setting is a wide level valley with the
river meandering through an agriculturél setting of pastgres, méadows,
and settled land. The stream bottom is mud and silt with extensive
emergent vegetation as is tﬁe outlgt of Lake Rohunta which joins the
Millers River below Athol. The River is backed up by the Crange dam about
8 mile upstresm. The zone between Orange and the Connecticut River is
typified by steep banks, & sharp rivér gradient, long rapids followed

by short poois, é complete absence of wetlands, and a boulder strewn rock
rubble bottom. Some 22 species of fish are reported for the Millers
River watershed. Populgtion magnitude and locations are dependent on

the particular species requirements as well as tﬁe man-made stress of
pollution, |

Alternative No, 2 Tully ~ Millers River Diversion

In this plan, diversion from the Millers River Basin would be

pccomplished via withdrawals from the East Branch Tully River and the
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" mainstem of the Millers River above Athol,rﬁassachusetté.'

This alternate essentially results from the combining of Alternate
Ro. 1 with the addition of a supplementary diversion from thé East Branch
of the Tully River to the diversion ﬁoint.on the Millers River discussed
‘nder Alternate No, 1. The environmental setting of the Millers mainstem
was described in the foregoing section. The setting and resources of
the Fast and West Branches of the Tully River are described in the
following section with the exception of a shoft stretch of léw gradient,
wetland associated riverine habitat between the confluence of the two
branches and the mainstem of the Millers River, |

Alternative No. 3 Tully Complex Diversion

(1) Tarbell Brook Diversion

Tarbell Brook is a small, low gradient stream approximately 74 miles
long from its headwaters to its confluence with the Miliers River.
Open water areas (which include lakes and ponds) along the stream cover
1% miles. The total drainage area is approximately 27 square miles df
which about five are wetland, less than two are open water, and the
remaiﬁing aréa representing upland habitat.

Flow is moderately rapid through forested sreas and slow in open
wetland areas. Stream width varies up to 30 feet. Depth is variable
and measures several feet in some places. Water quality is good {class B).
The adjacent habitat is primarily coniferous forest combined with mixed
stands of hardwoods.

The stream is stocked annually with trout by the Massachﬁsetts

Division of Fisheries and Game which provides a "put-and;take"'sport
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fishery. Several species of geme such as woodcock, grouse, black duck,
rabbit, squirrel, and deer inhabit the ares.

Puring higﬁ water, Tarbell Brook is canceable from the New Hampshire
border to its confluence with the Millefs River.

(2) Priest Brook Diversion

Priest Brook, including Scott Brook, (its main.northern tributary)
extends approximately 14 miles from iﬁs headwaters in Southern New Hamp=
shire to its confluence with the Millers River. Open water areas cover
one mile along the stream which is of moderate to low gradiént and
flows through forested and wetland areas. Width varies up to 4O feet
and depth is varisble, generally three feet butrés much &g six in some
areas.,

The total drainage area is approximately 23 square miles of which
about three are wetland, less then one is open watér, and the remaining
area is upland habitat. Water quality is good (class B) but below
average for trout during summer months due to high temperature and low
flow conditions. Adjacent habitat consists of coniferous forest with
mixed stands of hardwood.

This stream is stocked annually with trout by the Msssachusetts
Division of Fishefies and Geme which provides a "@ut-andmtake" sport
fishery. .Waterfowl and other game species are essentially similar in
types and number to that found in the Tarbell Brook watershed.

The prbposed diversion site would be located approximately four
miles due east of the town of Royalston in an unpopulated area, three
miles above the confluence with the Millers River. The project area

will encompass about 400 acres, including approximately 330 ac?es of
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wetland and TO'acres-of uplénd,habitat.

The following private developments are located within the project
area: An extensive private camping developﬁent consisting of approx-
imately 50 trailers and attendent facilities and é gun club facility
including a clubhouse, target range, and a one-half acre ﬁond, just
north of Winchendon Road,

(3) Tully Reservoir Diversion

The East Branch Tully River extends about 15 miles from ite head-
waters in southern New Hampshire to its confluence with the West Branch
Tully River; Open waters along the stream, including Tully Reservoir,
cover six miles. The_tofal drainage ares of this river is 56 square
miles of which about eight are wetland, six are open water, and the
restrupland habitat,

The river is of medium gradient with a section of slow moving water
in the Long Pond area. Width varies up to 30 feet and. depth up to 8
feet in some areas. Water quality is good (class B) and is classified
as "good trout water" on a seasonal basis. Terrain surrounding the
river is moderately steep and heavily forested with mixed deciduous
and coniferous trees. |

The East Branch of the Tully River is stocked annually with trout
by the Massachusetts Division of Fisgheries and Game which prgvidés &
“put-and-take" sport fishery. Waterfowl and other game species are
typical of those found in the Tarbell and Priest Brook watersheds.
Considerable hunting activity for birds, small animals, and deer takes
place in the basin, Numerous wood roads and trails remaining from past

llogging operations provide good access for hunters and fishermen.
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Recreation development potential is excellent.and geod white-water
canoeing occurs below Tully Dam during periods of high water,

(%) West Branch Tully River Diversion

The West Branch of the Tuliy River, including Tully Brook north of
Sheomet Lake, is 5bout 8 miles iong, extending from its headwaters in
central northern Massachusetts to its confluence with the Eaét Branch of
the Tully River, 1% miles north of Athol. The West Branch is of a
moderate gradient, and is up to 35 feet wide.with depths up to 5 feet
‘along its course. Open. water areas, mainly Sheomet-Lake, cover only
1 mile along the river. Water quality is gbod (class B) and the river
is annually stocked with ﬁrqut by Massachusetts Division of Fisheries
and Geme., Total drainagé area of the basin is about 19 square miles of
which approximateLyIQ acres are wetlﬁmiand the remainder upland.

The river floﬁs thrdugh a relatively unpopulated and hesvily wooded
(mostly of mixed conifers and hardwoods) area, Wildlife found in this
basin is similar to that of the nearby East Branch Tully, Priest and

Tarbell Brook areas,
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3. Environmental Impact of the Proposed Action

Northfieid Mountain - Connecticut River

Diversion at Northfield Mountain mey affect the aquatiec 1life in

the Connecticut River at the diversion point., Fishes, phytoplankton
ahd invertebrﬁté organisms of all life stages, may be entrained and/or
entrapped at the pumping facility, whether divérsion.takes place or not.

~ The fish population, while composed of many species, contains only
8 few which can be regarded as being important to anglers. These are:
‘pike perch (walleye ﬁike), black bass., yellow perch and catfish. Studies
by the Massachusefts'DiQision of Fisherigs and Geme iﬁdicate that this
reach of the river is underfished and the walleye population is probably
almost completely composed of young fish.descending the river from above
Vernon, Vermont. The probability of great mumbers of fish being trans-
pofted inte the pumps appears quite remoﬁe. This conclusion is based on
several facts, One, only in & véry limited part of the intake canal
would the current be moving faster than in the main streaﬁ; thus older
fish would not be carried into the canal against their will. Secondly,
bass and catfish have specialized requirements as to where they ﬁuild
their nests, one of which is to locate outside of areas of strong currents.
By ﬁhe time the young leave the viciniﬁy_of their nest, ﬁﬁey would be |
old and strong enough to avoid the canal. The other important sport
fish, the walleye, spparently does not spamﬁ in this reach of the river.
It is quite probable that the eggs and young of minnows and suckers will
be carried. through the pumping cycle-and will have a high percentage of

survival. Until such time that a fishway is constructed to pass ana-
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dromous fish over the Turner's ?alisiﬁﬁﬁ' Sea-run fisk will not be able
to reach the intake canal. When that time comes, care must be taken td
design a fish passage facility that will not allow the i&mpréy gel over
the Turner's Palls Dem., This action should be taken to insure tha&_the
possibility of larvel'Lémpreys entering'ﬁhe intake and transported tc
Quabbin would be remotle, |

The natural dowmstream flow in the Connecticut River during the
spring runoff diversion period would be reduced by about 1%-2%, but is
not(expected to result in any detectable effects downstresm of the
diversion site at Northrield Mountain.

At the maximum diversion rate the river would be lowered approxm
imately 2-3/8" at Montague City. This is a minor fluctuation in reiation
to natural and present man manipulated changes in water levels and would
have no measurable impact on wetlands associated'with the river, |

As the bulk of the river's present nutrient load is picked up down-
stream of the diversion point, little or no effect on the.river load
would be brought about by diversion at Northfield.

Northfield Mountain Diversion - Quabbin Reservoir

There can be little doubt that increased levels of nutrient chemi-
cals will be detected in Quabbin Reservoir after the implementation of
the Connecticut River diversion via Northfield Mountain. Phosphorus
increases are possible, but not probable, Increases in available carbon,
on-the other hand, are quite probable, if only due to ihé relatively
high alkalinity of the Connecticut River.' Also, the fact that fecal
contamination of the Connecticut River does occur increases the likeli-

hood that complex organic melecules will be introduced into Quabbin and
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pcssibly into_Wachusett where they will become part of the nutrient |
pool. The future abatement of pollution in the Connecticut River will
contribute significantly to the lowering of any such nutrient additionmn
to ihe reservoir through diversion.'

It is important to note that current nitrogen, phosphorous and
carbon levels in Quabbin are sufficient to support larger phytoplanktonic
populations than preséntly exist. Increased levels of these nutrients
do not necessarily mean, then, that higher concentrations of algae in
Quabbin can;be expected as a direct result of the diversion. Tt is
quite possible, however, since nitrogen, phoSphordus and carbon sppear
not now to be limiting, that the Conneeticut River diversion nay
increase the levels inrQuabbin_Reservoir of some now unknown limiting
growth factor, such as a vitamin. Additional studies omn limiting growth
factors in both Quabbin Reservqir and Comnnecticut kiver water is planned
by the MDC.

There is no reason to believe that undesirable algal species will
be introduced into Quabbin Reservoir by either diversion. Any changes
in the current algal populations in Quabbin will most likely be the
result of the response of present populatibns in Quabbin to changing
levels and kinds of nutrients brought about by the diversions.

The proposed diversion of Connecticut River waters into Quabbin
Reservoir present a possibility of having a negative ecological impact
upon the fisheries of Quabbin, Undesirable species can be introduced
into Québbin Reservoir if Connecticut River waters are diverted. The
conseqﬁences of introducing undesirable spgcies could disrupt the present

ecological balance of .species in Quabbin. If the present selmonid Pop-
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ulation is‘décimated by undesirable Species dompetition, 8 war water
 fish'popu1ation may.résult with the likelihood ﬁhat the number of angler
trips by sports fishermen to Quabbin Reservoir could decline, This in
turn will reducé the harvest and further influence ecological balance.
The issue is no£ solely a reduction of the standing crop of total fishes
in Quabbin Reservoir, Eut the disruption of the present success in the
management of a salﬁonid fisheries_program. Because of these concerns
studies on methods of excluding undesiréble gspecies are now being
carried out by the MDC in coopefation-with the Massachusetts Division
éf Fisheries and Game, |

Increased concentrations of organic molecules in Quabbin as a
result of the Connecticut River system diversion may affect the dis-
solved oxygen content of Quabbin waters due to the oxygen demand created
by these additional molecules. The magnitude of any overall decrease
in oxygen in the hypolimnion of Quabbin Reservoir, however, is not
expected. to cause significant changes in the present ecology of Quabbin
Reservoir. Localized depletions qf oxygen in Quabbiﬁ Reservoir have
been periodically noted over the past half dozen years as a result of
the present Ware River diversion, These depletions have been observed
only in the southern part of the eastern arm of Quabbin, and have been
short lived, The proposed diversions may be expected to produce sim-
ilar, localized phenomeﬁa. The salmonid fisheries in'Qnabbin are not
exﬁected to be effected by any lowering of dissolved oxygen which is
localized in ithe upper portion of the middle arm and in the eastern arm

because they are typically found in the main body of Quabbin.



'Becanse of the number of facﬁors_govérning the disposition of pesti-
cides in surface waters, it is not surprising'that only small traces of
peéticides were defécted in this study. Anglyses_for aldrin, BHC, DDT,
dieldrin, endrin and other pesticides during the 1960's show little or
no residues in the water, Finally, the findings of Lichtenberg et al.
(1970) in a S-year summary of pesticides in surface.waters of the United
States report only trace amounts (less than 0.l ppb) of pésticides in the
Connecticut River.

A prediction with some certainty can be made about the ecological
effects of pesticides in the proposed diversions. The Massachusetts
Division of Fisheries and Game hes data that indicate significant levele
of DDT, endrin, dieldrin and PCB's in the tissues of lake trout taken
from Quabbin Reservoir. These pesticides in lske trout reflect the ex~
pected coﬁcentratidns by the food chain if traces of pesticides are
':already available in ﬁhe reservoir ecosystem. Nor were the residues of
DDT in fish. from the Connecticut River (Lymen et al., 1968) any higher
than those reported for the fish in Quabbin Reservoir, While more
extensive monitoring of the waters, muds, and biota of both the Connec-
ticut River and Quabbin Reservoir foi pesticides would inérease the
certainty of prediction, it is highly improbable that the proposed
diversion will have aﬁy important environmental effects,

Somewhat different from the above impacts is the much more general
question of ecological halance. This question cannot be answered in aay
but very genersl terms. ‘That any change in an ongoing ecologicel system

is effected and becomes persistent is good'{ﬁdication that a shift in
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ecologicai balance has beeﬁ achieved. The probabilities of some of the
more ‘important, possible chénges in Quabbin due to the proposed diver-
sibns have been discussed earlier. However, what all the effects of
any shift in ecological baiénce mayfactually be cannot nbw be predicted.
For example, an increase in Quabbin of "trash fish" populations ﬁay
result from siight shifts in competition patterns which in turn may
‘result from the introduction of species into Quabbin by the Connecticut
River divérsion. The galmonid population cbuld remain essentiaily
unaffected. However, the number of angling trips to Quabbin may very
well decline, -The harveét of fish would then be reduced, and could
conceivably be lowered to such en extent that a second shift in the
ecologicél balance would be realized. This second sﬁift, or any sube
sequent shift, might in turn directly affect the salmonid population,
Thﬁs,.sdciological and biological events can interact to producé a -
series of complex phenomens which cannot be predicted in any but the
most generai form, It must be remembered, however, that if Quabbin is
not augménted with additional water the risk of ecological disaster far
outweighs'the aﬁove points of concern with the diversionms.

The initial voluﬁe of water represented by any diversion plan would
be a very small percentage of thé total Quabbin capacity during the
first few diversions. This time frame_would be available to intensively
study the actual impact of diversion ﬁhile its potential to cause
changes in the reservoir would be slight. Results of this monitoring

period would be used for operational guidance in future diversions.
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The impacts of the éroposed diversions into Quabbin or Wachusett
Reservoirs are impossible to discuss 1n'any,but very general terms ﬁntil
such a time as the specific impacts discussed in this statement . can be
more fuily defined by futureactions. On the basis of current data, the
possibility of a degeneration in turbidity in Wachusett deserves some
mention due to the imporitance cof turbidity in any contemplated future
treatment of Wachusett waters prior to their final distribution to
' consumers.

Public Health Aspects - Quabbin Reservoir

Coliform bacteria are indicators of possible human fecal contam-
ination and therefore of the possible presence of human pegihogens,
including bacteria apd viruses., Coliform bacteria are not themselves,
howeVer, pathogenic. It is reasonable to assume that concentrations of
coliforms will increase in Quabbin Reservoir as a direct result of the
Connecticut River diversion. Thérefore the possibility of finding agents
of human infection in the area of Shaft 12 in Quabbin will also be in=
creased by the diversion. The measure of real risks’to public health
associated with this possibility is, however, a function of a number of
other variableé. These variables include the general health of populations
contributing to the fecal pollution of the Connecticut River, treatment
of water before its entry into Quabbin, residence time of this water in
Quabbin, dilution of diverted waters by Quabbin watéfs; and finally,
treatment prior to final distribution.

While the MDC is currently planning, according io a Massachusetts
Department of Public Health directive, fo chlorinate diverted waters

prior to their entry into Quabbin, varying turbidities of these
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waﬁefs,_and the resultant inefficiencies of chlorination, will ensure
the ?ossibility that pathogens imbedded within susPended debris will
find their way into Quabbin. Chlorination of diverted waters prior

to entry intb Quabbin will probsbly be less important a means of con-
trolling the intrbdhction of these paﬁhogens than will the implementation
6? present pollution abatement plans for the Connecticut River,

Even with the implementation of present abatement plans an important
question is how long diverted waters can be expected to remain in Quabbin,
In genersl, the natural purification processes of a lake will reduce
the coliform concentrations in proportion to the length of time these
bacteria are in residence in the lake. The die-off rates of coliform
bacteria are generally considered to be similar to die-off rates of
pathogens. While recent research indicates thatrthere is not neéessarily
a direct correlation between the die-off rates of coiiform.bacteria
and pathogens, it is generally assumed that resident times of several
weeks provide reasonable disinfection (Fair, Geyer, and Okun, 1968).

Model studies thus far indicate that diverted waters will have |
reached the general area of Shaft 12 within 2-3 months of the time they
- are introduced into Quabbin. Portions of' these waters will be mixed
with waters derived from the southerly éortions of' the main bedy of the
reservoir as they are taken into Shaft 12; other portions wili continue
in a southward flow to mix eventually with the waters in the western
arm. While it can be expected that significant die-offs of pathogens

will occur within a 2-3 month residence in Quabbin, and that maximum
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dilutions of diverted waters will probably be realized within one
diversion cycle, the possibility that some pathogens may find their way
into the Quabbin agqueduct has to be assumed. The possibility that some
pathogens will find their way into the Chicopee outlet at Winscr Dam
also has to be assumed ; however, because preliminary-labbr&torylmbdel
studies indicate it will take about 7 months for diverted waters to

reach Winsor Dam, and because of the greﬁter dilution of these waters
which would then have taken place, the probgbility of detecting pathogens
at the Chicopee agqueduct would be lower than that of detecting them at
the Quabbin-Wachusett aqueduct,

Because model studies to date have not taken into account the effect
of winds on residence times of diverted waters, and because pertinent
information of the die-away phenomenon is by no means complete, it is
not now possible to_predict the actual number of pathogenic organisms
which may possibly find their way into the Quabbin-Wachusett and Chicopes
aqueducts as a result of the Connecticut River diversion,

Because coliform concentrations within the Tully System are com;
pargble with the minimal concentrations already observed in Quabbin, and
because current model studies indicate that the residence time for
Connecticut River divefsions in Quabbin will not be reduced sppreciably
by the Tully System diversion, the impact of thé Tully System diversion
will be to reduce further ény public health hazard associsted with the

Conmecticut River diversion,
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Tt is important to note that any pathogens which do find their way -
into the QuabbinFWanhuéett aqueduct will be subjected to dilution by
Wachusett waters as well as to the self;purificémion processes of that
reéervbir. Given the dilutions and residence times of diverted waters
in both reservoirs, we conclude that while the introducﬁion of pathogens
into Wachusett Reservoir is possible, it is improbable that they will be
detected in Wachusett. PFinally, any enteric organiémé which may be.
present in Wachusett as a direct result of the contemplated diversion
may be easily destroyed by existing or contemplated chlbrination within
the distribution systen. | |

The presence of mercury at all sampling sites suggests that it is
reasonable to assume that mercury is a component of the waters of this
region, While the levels are generally low and thus pose no immediate
hazards, the possibility of significant concentrations in the food chain
must be assumed, Indeed, data from the Massachusetts Division of
Fisheries and Game indicate levels of mercury in fish taken from
Quabbin Réservoir to be in the range of 102 - 103 ppb, in this regard
being similar to levels found in fish in the Connecticut River..'Severgl
peak values for mercury in excess of 5 ppb have been found 1n some loca-
tions, including the Millers River and Quabbin énd Wachuéett Reservoirs.
Most_of these values occurred earlier in the year, and recent data
indicate lower values. The ieasons for these values are unknown, nor
can the present study, due to the sémpling situation, define any possible

| gources. Our conclusiona on the impacts of the proposed diversions,
however, must be based on comparative data for the proposed donor and

receiver systems. On the basis of the data, we must conclude that no
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public health hazards due t§ higher levels of mercury can be expected
from the proposed diversions. Indeed, the data suggest that lower levels
in water exist in the proposed donér systéms.

Pesticide information was reviewed. The findings confirm the position
that the Connecticut River waters would not present a public health
hazard if diverted into Quabbin Reservoir., In the first place the amounts
of pesticides are too low, and secondly the evidence indicates trace
amounts to be present in Quabbin Reservoir already. Therefore, the pur-
'posed diversion would not introduce pesticides into a reservoir that was
already free from such compounds before the diversionm.

Our data on radioactivity leads us to conclude that no public health
hazards will result from the diversions of Counecticut River Qaters or
Tully System waters into Quabbin Reservoir, The Lawrence Experiment
Station has been testing Connecticut River water as part of the cooperative
efforts of the Tri-State Commission for some time, and has detected
neither 226Ra nor 90Sr in the water. Also surface waters, iﬁclﬁding
resgrvoirs, froﬁ all over Massachusetts have been treated in the spring
and fall, and no presence of 226Ra or XSr has been detected, On the
other hand, some of the STORET Data (Retrieval Date 69/02/27)for 1960's
show Connecticut-River water with total beta activity in excess of 10 uuc/
liter. This is not true for the more recent data. These discrepancies
are common for Connecticut River data, and point out the need for continual
monitoring. -Such continual monitoring is alsoc desirable in view of the
future operation of & nuclear power plant at Vernon, Vermont. Studies

suoport the conclusion ‘that, in view of existing guidelines, we see no
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immediate or 1ong-rdnge pﬁblic health hazards from radicactivity in the
donor systems.

The risks to hman health which are inherent in the consumption of
any surface waters cannot, of cburse, be-completely eradicated. waéver,
given man's past experiencé with ?uhlic water supplies and his present
technology, we conclude that those risks which can be associated with the
prqposed diversion.are reasdnably comparéble with those generally teken
in the consumption of Mdssachusetts surface ﬁaters.

Based on available evidence, there 1s no reason to anticipate any public
health hazards to the donor systems resulting from the proposed divérsions.
A positive impact on the Millers River system is possible , the main reason
coming fromrtheprobable.decrease in any pathogens as a result of the
impoundments. Impoﬁndment of watér results in a.decrease in pathogens,
due to die-off, However, while-colifonn bacterig are preéent in these waters,
we have no direct evidence of any pathogenic organi#ms.

Millers River Alternatives

Diversion from the Miilers River Watershed by either Alternative #1,
#2, or #3 is expected to induce minimal effects since the total water volume
removed would be insignificant (1% ~ 2%) compared to natural fiow in the
Connecticut River. Another factor is that diversion would not take place
unless a substantial flow (at least 17;000 cubic feet per second) is being
recorded at the Montague City gagiﬁg station.

The Tully and Millers River systems will be affected more than the
Connecticut River, with maximum effects on flows below the diversion sites
and at the confluence qf ﬁhe Tﬁlly and Millers Rivers. Tarbell Brook and
Priest Brook diversions wili reduce peak flows at South Royalston during

diversion days. On a monthly basis, up to 17% of the flow will be diverted.
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On a da.ily basis, up to. 48% of the norma.l flow at South Roya.lston may

be lost durlnz the dlversion per:od Most months will hame Bome days
w1th no diversion loss at all because the control flow requirements cannot
'.be met. At the confluence of the Tully and Millers Rivers, diversion o
effects on flow‘wili be ﬁbét pronounce&:"uﬁ-to 31% of“thé méﬁthiyrflow
may be diverted during an average year, and on especlally high runofr
periods, 50% of the daily flow may be diverted.

Millers River Divgrsion, Millers - Tully Diversion, Tully Complex

Divérsion Impactﬁpn Qﬁabbin Reservoir

. All these proposals, with the exception of Alternate.Nb. 3 with it's
high qualit& water, will depend in part on the "treatment plant" cepacity
of Quabbin ﬁeServoir. Thermagnitude'of this capacity is unknown, but
the fact that it has effiéiently handled waters from the Ware River
niversion for the past 30 years indicatés £hat_some additional capabity
.is.presént. It cannot be predictéd with éertainty that dilution with
ambient reserﬁoir volume.alone will cdmpletely resto:e water quality.
It is assumed that some sedimentation, transportation and evaporation of
materials must occur to improve water gquality, Considering_fufure water
inputsAtb RQuabbin Reservoir it must be borne in mind that A;ternate Ko. 1
or No. 2 would not be implemented until water quality of the Millers
River meets all public health as well és envirommental standards presént
at Quabbin., It is useful to know that Tish species now found in the
Millers Rivef_watefshed_are generally similar ﬁo those present in Quabbin
- Reservoir so that a large scale shift in Quabbin fish ﬁopulations becauée
of a new species introduction is not expected if oné of the Millers River

diversions is realized.
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Water Quality Monitoring System

All of the diversion proposals belng LOHSldered, 1nc1ud1ny Nortu-
rf Leld Mountaln incorgorate 2 saphlstlcated water quallty monitoring
system in their design. _The system, although prlmariky intended to
.insﬁfe public health standards are continuglly met; can he used to
measure other elements found in the water which would hawe'a@ influence

on the Quabbin environment.

Alternative No, 1 - Millers River Mainstem

Several cold water sﬁeéies such és t}out are noﬁ only found in
the upstream waters while the warm water species have s wider distri-
hution, lComﬁletion of pollutioﬁ confrol-facilities will ﬁake the river
s moré attractive target for the fisherman.’ TroutAfighing_inlthe head=
waters is now a "pﬁt gad take"rpropoSition'and is expected to remain so
in tﬁe future. Warm water fish méy expand in mmbers, but experieﬁce
eisewheré indicates thai most'waﬁm Water'fish populations aie lightly
*fished and under utilizéd Based on these con31derations water clean-
up will lndoubtediy increase fishing 0pportun1ty dowmstream of the
diversion point. Diversion will take place only during periods of high
.flow 80 that fish passage would not be obstruéted by the projéct during
the remainder of the year (they are presenﬁly locked in.segments of the
river by major dams at Athol, Orange, and,Millers Falls).

Otﬁer possible effects on the Millers River below the diversion
.point cauld include a slight temﬁératﬁre rise during the latter part of
the diversion §eriod, 8 lessening'of the sediment 1oad and a pértial
loss in flushiﬁg action. No changes are predicted for vegetatlve cover

which in turn would assure that wildlife haultat would remain unchanged
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Wetlands by thelr def1n1t10n are wet, all year round S0 that no impact
woulid be expected on them. Higher areas which presentxy receive water
infrequently probably will receive shorter periods of inundation.

Alternative No. 2 - Tully - Millers River Diversion

Thls alternate essentially results from the cqmblning of Alternate
No. 1 w1th the addltlon of a supplementary diversion frqm the East
Branch of the Tully River to the diversion pcint on the Millers River
discussed under Alfernate No..1. There would be no additional -
.Jmpact on the Mlllers River below the dlver51on point dowmstream to the
_ confluence of the Tully Eiver other than that discussed under- Alternate
| No..l. lBelcw tﬁis Junetion the loss of water from the Tully to tﬁe
Millers_would he approximately 5% cf thc total Millers fiow based on
thelmcximum_monchly fiow in the Millers River in an average year..
.Upstreaﬁ the reduction in flow of the Tully River-cetween TﬁllyrDam
and the confluence of the Millers River would be approxlmately 23% of
. the monthly average for March, April and May.

It is expected that the env1ronmental 1mpact on the Tully River
and the East Branch Tully River below Tully Dam will be similar to
that discussed under Alternative No., 1. This is due to the fact that
-comparable percentages.of water will be.diverted and thc_watersheds are
similar in tcpcgraphy and other sufface characteristicc.

The envirommental impact on the Mlllers Rlver below 1ts confluence
wnLh the Tully River w111 be sllghtly increased over that discussed
under Aitercative No. 1_since diversion will take place from the Millers

River and from the East Branch Tully.
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_ Alternative No. 3 -.Tully Complex Diversion

(1) Tarbell Brook Diversion

If implemented, the progect will seasonally inundate ko acres of
.ﬁetland habitat to a depth of 5 feet, 1nc1ud1ng %-mlle of free flowing
stream. The weir'wbuia‘ﬁrévent free movement of stocked fish as well

" 88 resident species. Diversion of natural high fldw#'may reduce.canoéihé__
potential, | | | |

(?) Prlest Brook Diversion

r 1mp1emented the hOO acre site w111 be cleared and seasonally

' 1nundated, 1nclud1ng all of Priest Brook above the proposed damsite,
~ and short reaches of chtt and Town Brocks. The dqm'would prevent free
pdssage of stbcﬁed fish as well as reéident spegies._.The entire project
aréa will be subject t6 periodic inundamiéniand drawdown, Durihg.cer-
tain.timeé_of the‘year, natural étréam flow inﬁo the.Millers River nou1d 
be reduced. A hO'acfe'wamerfbwl poolIWOuld ﬁe'made possible by the
creation of a low weir above Deland Road., | o

Potential for fecreatiénal'6ppoftunities within the ﬁroject area
would be 1imi£ed-£o'hunting, fishing, hiking, nature study, etec.

(3) Tully Reserveir Diversion

The proposed diversion site would be 1ocated within the exlstlng
Tully flood control reserv01r. The existlng pool formlng Tully Lake
would double the present surface area to 600 acres during the summer
recreation seasbn. Tﬁe pooi would-subsequently be gfédﬁally drawn down
after Labor'Day. Since Tully Lake would become & domestic water supply -
source,.the lake bottom w&uld be cleared and.strippéd:of organié material

in order to protect the water quality.

52



With‘the.prqpbsed plan of diversion from quly Reservoir to Quabbin,
.-up to 25 pei-cent of the storage capagity of:' Tully will be used f__o;{the
“duel purpose of flcodrcontrgl anQ_ﬁamér supply. During the spring
freshgt_seasoﬁ, this stgqagé wili be filled if, and when, inflqws ‘
exceed downstréam requifemenis and diversion capacity. This stored
water will later be divérted to Quabbin, makipg the full_f;odd,coﬁtrol
'storgge,capagipy of Tully avgiiable_for the fall hurricane season.

. F}oqd control storage requirementérare the greapest in_goﬁthern
Wew England during the fall hurricane season and secondly in the spring
dufing the sﬁowmélt season. 7The,filling;qfstheumu;tipurpgse~s;orage;
’@upiné tﬁeﬁspring.high“flowgperiod~willg=ingfact,~provi§eaincidentg1
.‘_flood,control, ‘An&k&siarofrstreamflgwwrecordéﬁ;ndiegtg*thamfl@ﬁ&fﬂ&éod
control-storage is.required .dlaring,.-‘q}ieru summer season than:the. rest. of
'theiyéar§forwa camparable“degfeeaofﬁﬁretéctibn, As a result, in some
Corps reservoifs ih'Néﬁ England, some seasonal encroachmeht on flood
. rontrol storage has been recommended for other worthwhile uses,
It 1mplemented the proposed project would cause periodlc 1nundam10n
_ of 300 acrgs\of wetland, which are prgsently subject to seasonal inun-
| dation during ndtural flood conditions. High flows belw Tully Dam‘
during the sPTing would be reduced and: may imit. the length of the
=.w‘m..-"r_fg--.1;p:ra-_tvasr-:i_:ut:a.‘r:'isfeingr:.---_sc'r@;en‘.son'f:. Following the fall drawdown, some 1ake
bottom would be exposed. Recreation development poyentlal_for summer
day use facilities is high with excellent opportﬁnitiés.for varidus
outdoor activities. Less than 50 acres of ﬁpland gamé_hghitatAwoﬁld be
lost, while fishing and boaﬁing values assocliated with fhis projeét would _

increase.
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”The‘ehviroﬁmectai impact on the ?ropdsed diversion-site would be
essentially the same as at Tarbell Brook., About 13 acres will be penman-
ently inuﬁdated ﬁhich iﬁcludes L mile of free flowing rlver. This &

" mile stretch of. trout stream would be replaced by a marginal waterfowl
area, Recreation opportunlties would remain limited after implementation:
of the proposed dlversion plan. L

Under Alternatlve Nc. 3, Tully Camplex, the ma1nstem Millers River_
_would receive less. water than under: present conditlons. ‘Major diversions
'would be,implemented during March April, May, November,. December and
uanuerg.'-Less,water,would ultimately-result in less dilqygqn ofgthe-
"‘poliut;on.lcad; howérer, pqlluﬁion is a more'serious_circuméﬁaﬁce dﬁring
summerrahd eutuﬁn;'et wﬁich time-diversioﬁ‘would eniywtake place dering
_ excessive1y”high'flows. Thus , dlver31on probably- weuld hawe a minimal
rcffect on- the water qualxty of the Mlllers River.
| Adopted water quality'c1a331f1catlons are- based on. natural low flaw'
condltrons. De31gn of sewage treatment plants to meet quality standards,_
therefore must be based on these same low flow conditions., Diversions '
- of. flow dur1ng hlgh flow cond1t1ons thus would have no. effect on such
plants pertlnularly 51nce pollutlon abatement programs will ultimately
reduce the. present pollutlon load.

Dlversion is not. expected to significantly affect sport flshing
" ghove the confluence with the Otter Rlver. The sport fisheny is presently
located prlmarlly upstream of the diversion sites and the amount of -
d1version expected frOm.Tarbell Brook is ingignificant compared to the

~ total water volume available in the meainstem of the:Millers River. -
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Effect of diversioﬁ on white~-water caﬁoeing mey be beneficial during
periods of extfeme high watér; however, diversion may shorten the season
during low-flow periods in late spring. Diversion would_hame no effect
on canoeing above the confluence w1th'§érbell Brook.

For Alternatlve No. 3, the pool formed on East Branch Tulxy River
.and Prlest Brook would be subgect to fluctuation. For example, the entire.
poolrin a normal operation may be filled and emptied within a period of |
less than 3 mbnths. Under such pool fluctuations, the possibiiity.of:
erdsioﬁ does exist. These fluctuﬁtionsg howe#er, are not expected to
cause bank sloughing. The erosion instead ﬁoﬂld be similar to roadbank_‘:
erosion caused by.surface'runoff.

Diverting maximun design capacity of 90 c.f.s. from Tarbell Brook
and 30 c.f.s. from Priest Brook will affect the stage of the sfremms
below the diversions less than a foot. Nearly ai; riﬁarian rightsrﬁlopg
the reaches of Tarbell and Priest Brooks affected by the proposed diver-
sion are controlled by the Ccrps of Engineers Birch Hill Dam. o

Since operation of Birch Hill Reservoir and Tully Reservoir pre-
vent overbank flooding, the proposed'diversions will have no effect on
groundwater recharge from flood plains below the reservoirs.

Skimming flood flows from Tarbell and Priest Brooks to Tully Reser-

voir will have no effect on stream flow above the points of diver81on,

80 there will be no change in overbank f100d1ng.
R :-;» _, '

Mﬁqan?! At“?rlest ‘Brook,. storage would be evacuabed as soon as possible to

Quabbin Reservoir. Therefore, Storage would.onlyabeuutilized”about”3
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rmonths and little dpportunity exists for eutrophication. In the Bast
Branch Tully vool at_Tully'Lake, the stripping of organic materi&l‘
and the observed water qﬁéiity‘characteristics appear to preclude
poteéntial eutrophication.

. On Tarbell Brook and West'Branch‘Tul;y River, waintenance of a pﬁol
is considered only to ﬁrovide some fisherles or wildlife enhancement,
Both of the storagg impoundments created on these.étreéms would be

- shallow and_sﬁbject to temperature increases which could aid in the
.gréwth of flora. If any problems developed from maintaining these
‘pools, all water could be relesased fblloﬁing the diversion period,

Background Date - Biological Studies

General: It seems appropriate to include in this Preliminary .
Draft Environmental Statement more detailed information gained through

the findings of the biological studies conducted during the course of

-
v

" the planﬁing process. There are two principsal reasons for this approach,
one the reader will have the advantage of seeing the basis for the con-
_clusions presented in the earlier portion of this section, and secondly
will get a feel for the tremeﬁdous amount of biological and associated
data generated by the two contracted studies. The following pages
_hdelineate some of the more importent findings of each study.

Northfield Mountain and Miilers River Studies

One of the studies conducted on the donor and receiver.systems

was a cooperative effort of several organizations to generate and

evaluate extensive data on the Quabbin and Wachusett Reserveirs and —~ 7

the Connecticut and Millers Rivers systems, with the objective of making
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_pred1cf10ns on the 1mpacts of diverting portions ¢f these riverine
systems into Quabbin Reservoir.

: Field and 1&bor§tory data included approximately-loo parameters,
including chemical,'phwsicai, biologicél, and pesticideé data, In
addiﬁjon3 radiological data, hydrodynamic studies, fisheries informa-
tion, and pollution abatement plans were considered énd evaluated.
Finélly, othér.pertinént data available from both publié and private
sources, especially on the,Conhecﬁicut River, were evﬁlnated.in the
light of the objectives of the study. |

Central to the evaiuatidn was the development'of a qualitative
| model of reservoir dynamics. Such events as evaporation, sedimentatlon,
‘tvansformatlons, and direct ﬁransfer of materlals from potential donor
to rece;ver and finally to the dlstrlbutlon_system were discussed.

Any predictions on water quality as a result of diversions were -
.qualified by our present knowledge of tﬁe underlying dynamics.

D11ut10n of rlverlne waters by ambient reservoir volume alone wlll

probably not be suff1c1ent to insure an acceptable water quality in

uabbin Reservoir. TFallout of suspended materials and the "treatmgnt
piant" rapacity of Quabbin Reservoir are expectéd'to result in an
accepteble water quality.

A general summary of the impacts of the proposed diversions oﬁ :
Quabbin Reservoir is shown.iﬁfTabléni:m'The potential_magnitudelof a
given impéct upon Quabbin Reservoir is generally higher with thé'pfo-
poséd Connecticut River diversion than with the proposed Tully River
system diversion. Predictions on the témporal asPeéts of any impacts

cannot be madé at this time.
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Table 1 |

Summary of Probable Impacts of the

Proposed Diversions on Quabbin Reservoir

Note: This summary does not predict the duration of the 1mpact.'

Description
of Impact

Relative Probability Impact Will Qccur

No significant
change over

Probability Low

Possibie but Probable | Probability

 High

existing conditions

Increase in
Nutrient Cliemicals

Increase in
Eutrophication

Modification of
Present Equili-
bration

Introduction of _
Undesirable Species

Increase in
Coliform Bacteria

Increase in .
 Human Pathogens

Interference with
Water Treatment
at Quabbin

Increase in Levels
of Toxic Materials

increase in Levels
of Radioactivity

=0

Increase in Levels
of Pesticides

- 0

Increase in extent_ _

and magnitude of 1

oxygen depletiqn
|

1
'
1

C= Conneci}zcut River Diversion

\

-t
Ty
T

T = Tully System Diversion
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As a convenience in making evalustions of the probable impacts of
_the proposed. diversions; the periodAi972-2000 was aiﬁided into four
1.phasé$ Phase 1 (19?2-1976) is the period before diversion of the ‘
Connectxcut River. The volume of Quabbin Reservoir will dec11ne
during this period. Phase II (1976-1980) represents the period for
+he hegznnlng of the Connecticut River diversion; the Tully Rlver
'd1ver31on is not yet operative. The reservoir volume will increase
during this period, The period 1980-1989 (Phase III) represents a
?eriod_when both diversions are operatiVe, and the reservoir Volume
. continues to increase. During the final phase (Phaée'iv;'iQBQ-QOOOj
.both.diversions éontinue to bé operative but reservoir volume declinés.
_ “robable, major, long-term trends in Quabbln Reservoir for this overall
perlod are summarized in Table 2.

The greatest potential for both'ecological and public health
impacts on Quabbin Rééervoif is seen %o éxist with PhaSe J1. Because
‘of declining reservoir volumes ‘Phases T a.nd IV will show some
defevworatnon of the reserv01r.

Impacts of the proposed diversions on the two donor syétems will
differ. We expect no significant changes in the hydrology, water.
quality or generél ecology of the mainstem.Connecticut River. Tem-
©  porary stor;a.ge of Connecticut Rivér water in the upi)er reservbir of the
Northfield'pumped storage_facility may caﬁse some changes in ﬁater'
quality. However, the impa.cts- of_these changes 'a.fter,diversion to _

the receiver or return to the donor will probably be minor. In the
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Table 2 Probable Major Long-Term Trends
: " in Quabbin Reservoir

Phase _ _ . ‘Trend

I . Progressive deterioration of northern part of middle branch
(1972~1976) and the eastern branch,
I ~ Shift in ecological balance, es;:emally middle branch

(1976~1980) | = Water quality changes probable.
L Volume increase may actually retard some deterioration
from Phase I. _
Potential public health hazard greater than Phase I.

- I Probable improvement in water quality.

{1980-1989) Further reduction in deterioration in northern part of middle
: branch begun in Phase I.

_ Potential public health hazard reduced over Phase 1.

IV Progressive deterioration of entire reservoir, _
(1989-2000)‘ ' ' ‘ '
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' Millers River system we envision probable changes in the hydrology, in

general water.quality and in the ecology. These changes will be & con-

sequence of the diversion of relatively large volumee of higher quality

water and the impoundment'of waters., Because of the proposed cleaning

“ up of the Millers River, changes in water quality in the mainstem

“Millers River will not be a long term impact. Changes associated with

the impoundments will have both long term and short term impacts.

There will be no significant public health impacts on the donor systems.
Reslistic appraisal of a no-diversion alternative is also important

for this project., Under average inflow conditions and pfojected demand,

| Quabbin Reservoir will be dry 3y 1985, At some time before this year,

" water quality will decrease, eutrophication will increase, and fish:

_'ybpulations will change, Also at some point before total water depietion

in 1985, the reservoir will not be an acceptable public water supply.

' As‘g rgldted §rob1em, the losses in volume and water quaiity of Quabbin

water will increase the risks of diversion if a diversion is delayed

by'gnlﬁ_é few years. We conclude that the no-diversion alternative

is ﬁn;ealistic unless other alternatives, outside the scope of the

presenﬁ project,.offer better solutions to the projected Boston metro-

. politan water supply problem.

' Bnvironmental Aspects

Imgact on Exdrologg

This section attempts to outline what will happen to the hydrology

of the donor and receiver systems from the year 1972 to about 2000.
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Without any additional inputs over those already operative, ahd.
_assuming Hhchusett Reservoir will be kept at a reasonable operaxional
_ 1eve1 (elevation 380-385 feet), Quabbin Reservoir under average in-
‘flow conditions and projected demand, will be dry by 1985 (Figure 1).
The present volume of Quabbin represents about 50%-of maximum capacity.
‘Assuming that a Connecticut River diversion is implemented in 1976,;and
3 Tully‘diversion by 1980, Quabbin Reservnir will increase in volume
-for about 20 years and then return to its present volume by 1998,
These flgures are based on current estimates of proaected demands
. {450 mgd in 1992) and the assumed inputs to the system (see Table 3)%'
Assumlng these 1mp1ementat10n dates for the two diversions, and the
figures as out11ned four distinet time periods during which the volume

of water impounded at Quabbin Reservoir will undergo major changes are

as follows: . _
. 1972.1976 No Connecticut River or Tully System diversion,
(Phase 1) Quabbin water consists of about 11% Ware
River water. Volume steadily declines.
1976-1980 o Connecticut River diversion implemented.
(Phase II) Volume steadily increases, Ware River
o ' diversion represents decreasing proportion
while Connecticut River represents an in-
creasing proportion of total volume (Teble
h). o
1.080~1.989 Connecticut River and Tully Syééem diversions

operative. Volume of Quabbin reaches pesk of
about 87% of its maximum capacity’ (Figune 1).

11 Flgures supplied by Construction Division, MDC and U. 8. Army Corps
.of Engineers.
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Table 3

Annual Inflow to Quabbin Reservoir

From Various Sources

Connecticut| Tully :

Quabbin Ware River ~ System

Watershed | Diversion | Diversion | Diversion Total
'Avérage Inflows _
per Year (109 gal) 85 11 26.3 17.5 139.8
1972 |
Relative Input (%) _ 89 11 - - 100
1976
R_e_lativ.e Input (%) 70 9 21 - 100
1980 - | .
Relative Input (%) 61 8 19 12 100
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o .Tab'le 1* ~Proportion of Quabbin Reservoir Water
: ' Originating from Various Sources at
the End of a Given Year {%)

- - _ Connecticut’ - Tully
- Quabbin. - Ware River - System-
Watershed Diversion Diversion D_iversion
wiiﬁ?zi ff-:_ "'é8.5 | 1s
wvaisib~ f:' o ‘31;0 . - 10.5 8.5
Cqers |l o7an | e | 163
'iSQfo]' 68,2 | - 8.8 18.4 4.6
T T;198§Qi}' Cos40 | 8.3 18.7 -~ | 9.0
‘-za1594".” - 62.3 8.1 18,7 10.9
Coaess || 616 8.0 18,7 S 117
lm  [1938 S ez 8.0 o 18.7 ' 12.1
,_‘7;990 : I ero ' g.0 | 187 | 12.3
20000 || 0.8 7.9 | 188 12.5

. This Table }is based:-on the following assumptions:
1, - Average 'an__nua'l runoff from Quabbin watershed each year
2, Ai,reraéé -annual diversion volumes each year

© . 3. Reservoir outflow is comprised of water from each source in the same
- proportion as water in storage from that source is to the entire contents
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1989-2000 ' . Quabbin Reservoir volume steadily declines
o _ {Figure 1). . Relative proportions of waters
originating from various sources becomes
 stabilized (Table L),

Dﬁriﬁg the year 1971 the level of Wachusett Reservoir dropped signif-
icantlj. This was caused b& lack of diversion of Quabbin Reservoir
water into Waghuse#t Reservﬁir for a period of time because of maine .
- tenance operations. It is assumed that the volume of thhuaett ResefvoirA”
will be kept at a reasonable working level, because drastlc reduction
of its volume might impair water quality. Therefore we visualize no

impact by the proposed diversions on the hydrology of Wachusett Résqrvoir.

Imﬁoundments;ma be formed by the construction and operation ofrfhex
diversions will vary greatly in area and duration of water stofagé.‘
Tarbell Brook weir will impound during the summer a 28-acre pool with
a maximum depth of 9 feet, at the spillway, and much of the area with
. depths less than 5 feet, Fluctuations in pool elevation will be up
to 2 feet above spillway elevation during high flows. Priest Brook
dam will be operated as a temporary reservoir, fi;ling only when‘thg
combined diversion water from Tarbell and Priest Brooks exceed the 120
cfs pumping capacity at Priest Dan,. When_filled to spillway crest:
elevation, the pool will covef 400 acres with‘a maximum depth of 25
feet. Uﬁing data from an averagé year, for exemple 1943, the pool

would be empty until mid-March, increase to 240 acres by March 31 and



then badome‘embty'ngain'ﬁy,mid-April.' After being enpty for 4 days, it would
£111 again and fluctuate between 90 and 260 acres during the month of

May. After diversion stops on .June 2, the pool would empty in 6 days.

The pool would remain empty throughout the summer and may fill partially

in November for a few days. A wildlife conservation pool will be

maintained in the middle of the cleared reservoir area, when the water
supply pooi'is emptied, :

Tully:Dam will be operated in a manner similar to the 0peration'of
Priest Dam, with rapid fluctuations in reservoir area and volume.
After June 15, the current plan is to maintain a summer recrestional
pool of 620 acres (maximum depth of 48 feet) through Labor Day. There
would be no diversion during this period because of water-contact
sporﬁs use of the pool. After Lebor Day, the pool would be emptied'
to its winter level of a nominal nine-foot depth to keep the gates
from freezing. Long Pond would also be flonded during high water
storage and then return to pond status when the reservoir empties,
West Branch Tully River Dam would be similar to Tarbell Brook instale
lation. A 13-acre pool would be created snd maintained by the over-
flow weir at the pumping station. VOnly nominal fluctuations in water
depth wouid accur thefe._' |

In sumﬁary, the operation of the Priést and Tﬁlly'Dams would cause
widely fluctuating pools during March, April and May and sometimes in
iate ﬁﬁtﬁmn;' Priest Reservoir would be Ary during the svmmer and
Tully Reservoir would have a 620-scre pool during this time. Tarbell
Brook and West Branch Tully River would have small pools which would

be drained esch autumn.

67



The creation_of the 1mpoundments vhich are a part of the Tully
Diversion system ﬁqy tend to increase groundwater recharge in the
Tully area. Although most of the land surface in this region is
covered by glacia} ti1) deposits, there are glacié-fluvial deposits
of sand and gravel adjacent to the several siresm channels involved.
These deposits are readily receptive to thé intake of Water and the
annual draining of the large pools will help to maintain an unsealed
bottom over much of the pool area. The magnitude of recharge water
volume will depend on the extent of the deposits-and head of water on
them in addition to their permeability. The amount of low flow aug-
mentation resulting from the recharge of these coarse deposits will
depend on the proportion of recharge water that penetrates déeply
into the underlyingz faulted gneiss and grapite bedrock. There should
be some flow augmentation from the surficial deposits during the early
part of the summer season,

As water of lower quality is introduced from a donor system into
a receiver system, there will most likely be a loss in water quality.
in the receiver system. This loss of water quality (Figure 2) is due
to various materials in the water. These materials include ione,
suspended inorgenic materials, organic debris, and living organisms.
The fate of these materials is shown in Figure 35‘“;These pathways are
. not mutually exclusive; for example, a DDT molecule could take all four
pathways. What happens to the various materials is a function of' many
mechanisms. One of the central problems of écology today is to trace

the flow of materials from the various compartments of an ecosystem.
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.While our model cannot be viewed az a quantitative model, it is never-
.theless_a usefﬁi qualitative model with which to begin mgking predictions
; 28 to changes in water quality brought ahout by the proposed divefsions
s required by this study.

:Several major points must be bofne in mind as we expand our discusse
ion on water quality. First, there are dozens of .physical, chemical,
and biological paremeters to consider. Second, we have four hydrologic

 phases for the entire project to consider, extending from fhe year 1972

“to 2000.- Finally, the relative proportions of Ware River, Connecticut
'3:River, Tully River and Quabbin watershed waters will vary over this
period of years. This discussion will focus on changes in water quality
' as & result of the proposed diversions. Attempts will be made to
‘restrict the discussion to the more important issues; no sttempt is
.made to discuss all parameters.

- Northfield Mountsin Diversion

Diversion of Connecticut River water into Quabbin Reservoir in 1976
will initially increase the turbidity of the reservoir water. The final
turbidity will depend upon mainly (1) fallout of some material in
Commecticut River wvater to the-sediment after.diversion, (2) the
relative dilution of Connecticut River water by ambient Quabbin volume,
{3) transformations of materials, {U) the influence of ionic atrength
changes, and (5) the influence on pH changes. Based on only preliminary
data, the .fallout of material could be significant after a residence
-.time'of 60-90 dgys. The 4ilution, howevér, can never exceed a factor

of about 5 to 10 depending upon what volumes and how much mixing one



considers. Also, water 6riginating in the Connecticut River will be
between 18 and 19% of the volume of the entire reservoir during the
period 1980 to about 2000 (Table 4). Trensformations may change the
molecules or colloidal aggregates but willlnof'necessafixy cause an
elimination; Finally, Connecticut River water will undergo a drop in
specific conductance after it enters Quabbin; this will tend to stabilize
the‘colloidal suspensions, If we assume that the Connecticut River
will have an average tﬁrbidity of less than-25 during freshet flow

and that extremely high values are possible but infrequent occurrences,
all factors considered above will tend to bring the final turﬁidity
doﬁn to a lower value. While we cannot predict what this value will
be, it will probably vary between 0.5 (present turbidity) and about 2.
Thus, it may not meet future U, S. Public Health Service Standards for
drinking water. The turbidity will probably not rise as much during
the first two diversion cycles (years 1976-1978) because of the smaller
relative proportion of totai water originating in the Connecticut

River (Table 4). After the Tully diversion begins in 1980, the tur-
bidity will be stabilized at the then current value, since the tur-
bidity of the Tully systém is less, and the percentsge of Connecticut
Rivér water in the reservoir volume will remain approximately constant
{Table L), |
| Tons that form insoluble complexes (Mn, Fe, Ca) tend to precipitate
out, intb the sediment if suitable anions are available, Such anions
decrease in concentration as the pH becomes more acid, and thus these

ijons will tend not to precipitate out as the Connecticut River waters
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mix with Quabbin waters, On the other hand, these ions originating
from Tully River waters will tend to precipitate out as the more

| alkﬁlihéuconditions of the Quabbin:Résérvoir are encountered. Thus

- there is a tendency to balance. However, it camnot be predicted

what the trend will be over a two-decade peribd, becauge the exact pro-
portions cannot be predicted and the long-range stability for pH
values in all systems is unknowm.

There are at least two major concerns on the possible deterioration
of water guality that have ecolopical significance, One concerns
oxygen depletion, and the other is the introduction of additional
nutrients vhich can lead to eutrophication.

A comparison of study data with other available data suggests that
COD values for the Connecticut River are gbout two times as high as
for the Qnabbin "inside" stations, and are somewhat pgreater than twice
thé values for the Quabbin "outside" stations. Reference to known
datﬁ for the past decade shows occasional COD values for the Connec-
| ticut River above 50 mg/l. Both the Connecticut River snd Quabbin
Reservoir ﬁaters maintain high O, levels, and during the freshet-flow
veriods are probably close to saturation, The concern here is an
assesshent of the potential depletion of 0p from Qﬁabbin waters as s
result of the prcposedidiversion.

COD represents a potential O, consumption that is measured using
a strong chemical oxidizing agent. Such'potential oxidation may never
be achieved under field conditions, where biological processes mediate
the chemicsl reactions. Actual oxygen consumption is a function, in

part, of the kind of materials that are included in the COD ﬁeasurement.
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Organlc muterials may represent a majior portion of the MOD when Mmts
are high and usually exert an oxygen iem;nd fhrouph biolny1oa1 pro-
cesses. Although these organics sre all oxidized in measuring 0D,
some, such as simple sugars, are easily oxidized through biolozieal
processes, while others such as cellulose ( a sugar polymer) are-
relatively resistant to biological oxidation. Depending on therease
with which the material can be oxidized under natural ronditions, the
full 0OD may or may not be exerted upon the water,

If the most of the COD is in particulate form {(which is probably
true- for the Connecticut River) much of the material with a potential
demend for oxygen could settle out either in the Northfield Pumped
Storage Reservoir or in upper Quabbin Reservoir after diversion,
Although settling reduces the COD of the water column, the potential
oxygzen demand is conserved in the mud. Moreover, the organic component
of the sediment may be acted upon hy the lacustrine micrahial populations
at the mud-water interface, and transformed into more easily oxidized
compounds. Some materials in the diverted waters may interfere with
biological activity in the mud-water interfare and either inhibit or
enhance the transformation processes. SeaSnnAE turnaver and wind effects
ean stir up these bottom deposits into the wnter colimn. These effects
are intensified if the reservoir levels denrease, The resuspensinn of
transformed nrganic muds ran serve fo deplete avajlable ovyrmen quickly
because (NN that had accumilated over many years ‘hraough the settling

process is suddenly present in the water colwm, Tf the stirring of the
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bottom mud never occurs, then COD that is seﬁtled out may be buried in
the aﬁaerobic sector of the mud and may never exert its O, demand on the
water,

Included in COD values are the oxygen demands of inorganic materials
buch‘as iron and manganese, These inorganic _fOﬁnS can have high O,
demands if they are in a chemically reduced state., However, in the
Connecticut River, laboratory analysis shows that the iron is mainly
Fej and that the menganese may also be already oxidized.

All the above factors make it difficult to predict the impact.of
diverting Connecticut River waters with a higher COD into Quabbin
Regservoir. Localized oxygen-depletion effects have been observed in
the eastern arm of the reservoir., It is probable thet similar effects
will be observed after diversion in the northern part of the reservoir
as well. The impact on the hygolimnion in the deeper part of the
reservoir cannot be predicted at this time., Diversion of waters from
the Tully syﬁtem will probably cause relatively less impact, since the
COD values are lower. However, this depends on the specific molecules
which comprise the COD and comparisons based on COD values alone must
be tentative., Oxygen depletion will depend on a complex of biological
and:chemical processes in these aquatic systems, In conclusion, then,
it is very possible that the proposed diversions may result in some
iocalized oxypen depletions in the reservoir. The extent end magnitudes
of such depletions cannot be predicted,

The changes in water quality resulting from nutrients introduced

~from the éiv;rsions must also be assessed., . Most experts agree that

'C, N, P and trace materials are important nutrients for algal growth.
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However, significant levels of C, N, and P already exist in Quabbin,
especially in the géneral area of the proposed diversion discharge.
Conﬁecticut and Tully Rivers have higher values for N and P in general
than Quabbin, but not by large factors. WNutrients are discussed fur-
.ther in sﬁbseqnent sections., Their importance as far as water quality
is concerned lies in the potential for eutrophication.

The presence of phenolir compounds warrants ‘some discussion. Phenols
were reported in four riverine stations in the northern tributaries of
the Millers R}ver in concentrations in the order of 1-10 ppb. This is
considered an undesirable level for drinking water (FWPCA, 1968).
| However, several factors must be considered hgre. First, no odors were
detectedfahd secondly, in a spot check the presence of lignins and tannins
was found in these waters. When the detection method is not sensitive
enough, as in this case, it is possible to get a positive indication
from any phenglic substances, Also, tﬁese test results were taken
after an extensive growth of vegetation, and when color in the water
was also high, It is very probable, then, that the phenols reported
may not have been simple phenolic materials, but the presence of phenolic
groups on more complex molecules.

Referring back to the model (Figure 2}, & numher of mechanisms can
be gxpected to operate after the diversions of river water. Much of
the larger material will settle out, probably within hours and days.

Many transformations can be expected, based on both inorganic and
biological reactions, .Detergentsiwould be degraded, although no signi~

ficant MBAS levels were found. As the carbonates. from the Connecticut
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'Ri§er reach the more acid reservoir waters, equilibria will shift and
sbme Coz_will go off to the atmosphere. Those from the Tully would be
7 retaiﬁed. However, they are relatively low. Organic materials‘includipg
the CCE will probably be oxidized. Some NH3 may also be oxidized, but-.'
- most of it wﬁuld be transformed by the biota. Colpr would decrease.
This loss of color could be at 1gast tenfold, bésed on evidence from
the existing Ware River diversion. Finally, many highly insoluble
organic materials, including hydrocarbon pesticides and organomercury
compounds woﬁld tend to evaporate, as they reach the relatively large
surface srea of.the‘reservoir.

The general trend will be towards the improvement in quality as
the diverted water is retained in the reservoir. Whether the retention
'time'ﬁf 60.to 96 days before the Connecticut River and Tully system
waters resch the general position near Shaft 12 is sufficient to csuse
recovery (A_.QR: AQL ) is unknown. However, the much longer retention
times to reach the Winsor Dam area could also allow for some recovery.
Tﬁ-is_assumed that.dilution with ambient reservoir volume will not
restore the water quality alone, Some "fallout'! of materials due to
sedimentétion, transformation and eveporation must occur to restore
quality. The "treatment plant" capacity of the reservoir can probably
Uﬁan&le.56mé restoration of water quality. The magnitude of this
capacity is now unknown. Because of its capacity to handle waters:
from the Wﬁre River diversion with efficiency for 30 years of diversion,

- we may assume it has some reserve capacity. However, assuming that a
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loss of water qnaliﬁy occurs with some diversions of Connecticut River
water; further deterioration will be checked as Phase ITI begins,
Several general statements appear useful at this point to tie 7
together the analyéis.- During Phase 1 the water quality will detgrie‘r
orate as the volume in Quabbin Reservoir degreases. This loss of qggl}py-
" could progress to a dangerous point if the volume of hypolimnion waters_
is drastically reduced, Any losses in quality due to Connecticut
River diversion muat be judged\in the light of water quality loss
without diversion. Secondly, the volumes of water represented by
Connecticut River origin will be relatively low during the first few
diversions., This allows ample time to study the actual impact of
diversion during a period of lower potential to cause a negative impact
on water quality. Thirdly, the Tully s&stem diversion in increasing .
- total volume (Phase III) should impréve the "treatment plant” capacity |
of the reservoir and thus an improvement in quality may take place.
_Aléo, it must be remembered that as the pollution abatement plang are
implemented in the 1970's, the quality of riverine waters will improve,
Finally, without even further sources of water inflow, Quabbin Reservoir
is destined to deteriorate rapidly by the end of the century, because
low water levels will interfere with natural treatment processes.

.- Donor Systems

Turning now to the donor systems, diversion of water from any stream
~or river, which-is receiving inputs of nutrients or pollutants down-

. stream from the diversion site, will have the effect of, increasing the '
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concehtration-bf the nutrient or pollutant above what it would have
been without the diversion. Berger (1971) has pointed out that the
réach of the Connecticut River between NOrthfigld, Massachusetts and
Thompsonville, Connecticut receives a disproportionate load of nitrogen
and phosphorus. The effect of the proposed diversidns would be to

. increase the concentration of these additionai nutrients by 3% at most.
'Consideringj for example, that flood flows now have a 50% lower concen-
.tration'of-both mitrients than éb low flows at Thompsonville, the
projected increases would not be significant. Indeed, they would be
less than normal annual fiuctuations in the water.

- On similar grounds, other waﬁer Quality perameters would not change
to any significant degree, One might argue that slight reduction. in
flow volume will reduce the tot;l mechanical erosion of the banks_ahd
thus reduce the sélid load and turbidity downstream. We view these
changes of s few pefcent, however, to be insignificant, and to leave
neither positive nor negative impacts on water qQuelity below the pro-
posed diversion site on the Connecticut River. We add, however, the
possibility that retention of Connecticut River water in the upper
reservoir of the Northfield pumped storage facility may cause some
~ changes in water ‘quality. However, the impact of these changes . in
}wamer quality will probably be minor, after the water is returned to
the Connecticut River,

:-JBécause of the complex of iméoundments and the larger relative

volumes proposed to be diverted, the impacts on the Millers River
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. system are potentially greater. Diversion from Priest and Tarbell
Brooks would decresse the wa@er quality on the Millers River under
preaent conditions during days of diversion, especially at South"
Royalston. ' Diversions from other locations of the Tully System would -
‘increase even further any losses in water quality along the mainstem
~of the Millers River,

| During the spring runoff period, paper pulp in suspension was noted
at South Royalston and at decreasing concentrations at all other Millers
River'étatioﬁs. Apparentky, the turbulence associated with high flows
would tend to reduce the effectiveness of this cleansing action.
Hﬁwever, apparently the existing uncontrolled floﬁs are not adequate
.to*Ciean the river. It is necessary to stop the input of pulp before
this éuspended load can be reduced. After the proposed state-federal
secondary treatment cleanup of the Millers River, the diversion during
spring runoff periods would have only minimal impacts on water quality
downstream to the Connecticut River. Thus the short term impact of

the proposed diversion will be to decrease water quality downstream,
but because of the proposed cleanup, long term impacts should be
minimal.

Impouridments present other problems. Shallow ponds, such as those

L proposed for the tributary streams, tend to reduce the quality of water
%impounded in them. Water temperatures are increased, algal populations
'%end to bloom, and dissolved oxygen depletions occur as the algaé

ﬁiooms décline, The short-term outlock for water quality in -the impound~



- ments, is & decline in quality. The long-term (20 year) projection
ig definitely toward lower weter quality from the 1mpoundment areas,

“In general, the longer the retention time, the greater the probabillty
of ecological changes towards the lentic condition, Although specific
changes in the ecology of a single impounément are difficult to predict,
it is reasonable to assume that the ecological chﬁnges in the impound-
ments at Tarbell Brook and the West Branch of the Tully River will pro-

' gress more closely towards a relatively stable lentic condition than
_will those at Priest Brook, for example. Thus we visualize a whole

-range of ecological changes in the impoundments.

-Impacts on Ecology
| There can be 1ittle doubt that increased levels of nutrient chem-
icals will be detected in Quabbin Reservoir after the implementation
of the Tully system diversion. However, not all nutrients can be
' expected to show such an increase in this time period. Phosphorus
increases are possible, but not probable., Increases in available 7
éarbon, on the other hand, are guite probable, if only due to the rela-
tively -high alkalinity of the Connecticut River. Also, the fact that
facal contamination of the Connecticut River does occur increases the
:likelihood that complex organic molecules will be introduced into Quabbin
.and possibly into Wachusett where they will become part of the nutrient
fool. The future abatement of pollution in the Connecticut River will
contribute significantly to th§ lowering of any such nutrient addition

to the reservoir through diversion.
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Speéific studies shbwed’ﬁd significant probable impacts on the general
ecology of the mainstem Connecticut River as a result of the proposed diversions..
ﬂosaestih f1ow volume and shifts in water quality will be so minor that it is.
difficult to envision any significant changes in bacterial, algal and benthic
populations. Similarly, no mejor changes in the existing fish populations,

“or in the future anadromous fish program are expected.

' General predictions were made on the impacts of the proposed diversioms
on Quabbin Reservoir. Potential impacts have both public health and general
environmental significance. Dilution of riverine waters by ambient reservoir
volume alone will probably not be sufficient to insure an acceptable water
quality in Quabbin Reservoir. Fall out of suspended materials and the "treat~

ment plant™ capacity of Quabbin Reservoir are expected to produce water of an
acceptable quality.

Phase II (1976-1980), the period when the Connecticut River water is enter- .
ing Quebbin before the implementation of the Tully system, appears to contain
the'mosf potential for écologiéal and public health impacts on Quabbin Reservoir,
Phasé.III (198041989) will probably be associated with general improvement in
water quality. Phase I (1972-1976) and Phase IV (1989-2000) will show some
deteriorﬁtidn'of water gquality caused by declining reservoir volumes, .

".?Specific'impacts on the eboldgy of the Millers River system are probable,
Theviﬁpouhdment of waters from the northern tributaries will cause changes

in the algal and heterotrophic bacterial populstions. While the probability
that these changes will occur is good, the details camnot be predicted.
Eutrophication and algal blooms will increase over the years, and thus offer

a long term {over 20 years) impact.



Changes in benthic populations in the mainstem Millers River will be
slight, except for a possible increase in the benthic fauma character-
istic of poor quality water at Station No. 4 (South Royalstom). This,
however, will be a short term impact, and will reverse itself after the
Millers River is cleaned up under the proposed state-federal abatement
plans, The impoundments will resuit in graduzl changes in both benthic
fauna and fish populationg, as they change from lotic to lentic environ-
ments, Thesé chenges will be influenced by drawdown and other dynamic
changes in the hydrology. Tributaries will experience minor changes
in general ecology. Conzistent with previous statements, chenges in
the ecology in impoundments are more probable in Tarbell Breook and the
West Branch of the Tully.

Finally, little detgiled informstion on the construction phase
of the proposed diversions has been avsilable for gtudy. Therefore,
‘the impact of this phase on donor and_receiver systems cannot be dig-
cussed in this report. However, both the MDC and the Corps of Engineers
are well aware of the Importance of this phase to any.understapding ot
the overall environmental impact of the prouposed diversions;

Connecticut River Estuary Study

At the initlation of the planning process it was'§§§§5éﬁ€fiﬁﬁfm
bioclogical attention would have to be given to the estuary. Preliminary
thinking was that at certain rates off&i@@fﬁi&hgéérhsyénﬁke"1essening
fresh water -inflow into the estuary could physically wmove the salt/fresh

interface from its historic position to amnother location. Such a change,
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coupled with a temperature rise, could effect the organismsfﬁﬁiéﬁf&éil““mf
the estuary home as well as those speéies which paasg thiough the estuary
on their spawning run. These and other considerations led to the dew
velopment of a study "0 predict the prdbable iwpact of upstresm fresh-
water dive%sion,'during spring freshet periocds, oh the salinity-temper-
ature regimen of the Connecticut River Estuary and to.further'carrelate
these changes with possible effects on the biotic community of the
estuary." The contract required that the effects of diversions at

_ Northfield, Massachusetts of 600, 800, 1000, 1660; 2060, 3000, and BG00 -
‘cubic feet per second be tested in each of two cases: first, when the
average daily discharge at ﬁhe United States G;ological Survey's gaging
station at Montague City; Massachusetts is 12,000 cubic feet per zecond
or above, and second, at an average dally discharge at Montague City of
17,000 cubic feet per second or above. These discharges (i.e. 12,000

and 17,000 cfs) are being considered as alternative rates below waich

no diversion ﬁill teke place, and are referred to as control flows.

For the purposes of this study the Connecticut River Estuary was defined
as that part_of the Connecticut River lying below the Enfield Dam.

Spring freshet is defined as that veriod in the spring of the year during
which no upstream flow is recorded at the United States Geological Survey's

'”gdging . Station at Bodkin Rock, near Middletown, Connecticut,
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Summary of Study Conclusions

1. Changes in river temperature due to the diversions under con-
sideration should not exceed 0.61°F under the worst case postulated
(i.e. 12,000 efs at Montague City and 4,000 cfs diversion). Although
many biological effects of temperature elévations are well knowm, in
most cases the effects resulting from such a small temperature incre-
ment are too small to quantify.

Biological evaluations were made using & 29F température rige in
the estuary. The rationale for choosing this temperature riée is twofold.
First, biological changes could not be predicted on much less than & |
20F increment of change and secondly, it would be only an scademic
exercise to try to refine predictions at a smaller increment of change
if in fact no significant changes would occur at the 29F increment.

As it turns out, even a 29F temperature rise would not cause a sericus
impediment to presently considered diversion plens as far as the ecol-
ogical balance of the estuary is concerned. Keeping in mind that the
calculated temperature rise is less than 1/3 the value used in bio-

logical evaluation (.619F vs. 2°F), the reader is advised of the con-

servative nature of the biclogical eveluation that is presented in this

stetement and discussed la thie following paragraphs .

Among the known blological effects of lucressed tempetature, the
following may be-eipected, but it should be kept in mind that even if
deleterious, the small change in temperature will result in too small

a magnitude of change to be cause for alarm.
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a) Change in the Time and Location of Shad Sp&wning

Studies have indicated that the ovaries of female-shad develop
slowly when exposed to temperatures of 55 to 65°F and more rgpidly
when exposed to the warmer temperatures of 68 to 77°F. This apparently
means that shad will tend to hold their eggs longer and migrate further
up-river during a cold water spring. This is borne out by observations
during May 1967, when cooler than normal temeratures caused spawaing
to take place in the upper reaches of the study area. In contrast,
the wafmer temperatures of May 1968 caused spawning to occur further
downstream.
| Calculations indicate that a 2°F temperature rise in the river
water would have caused spawming to occur 3.4 days earlier in 1967
and 3.6 days earlier in 1968. It is postulated that the most severe
diversions postulated would have an insignificant effect on shad
spgwning.

b) Shed Egg Size, Abundance, Development Time, and Mortality

Calculations indicate that a 2°F temperature rise would reduce
average egg size from 3.06 mm to 2.84% mm, This decrease is comsidered
insignificant since it falls well within the normal range of egg sizes
(2.1 to 3.1 mm). Available data dces not lend it;self'to- 8 correlation
of egg abundance to tempe;ature or flow.

A definite correlation between ezg development.time and water
temperaturé has been observed; however, a 20F temperature rise is @X=
pected to cause eggs to develop only 17 hours earlier. This would still

put the average development time well within the naturally occurring



limits of development time. High water conditiohs and,ﬁidely:fluc-
tuating temperatures are §onsidered the chief cause of egg mortality
and since diversion will not worsen either of these conditions, no.
increased egg mortelity is expected.

Shad spawaning success in general will not be greatly influenced
by the postulated diversiéns. After diversion, tempera&ures would
8till remain well within normally occﬁrring.v&riations and since
spwaning occurs well above the salinity intrusion, any changes in
salinity patterns wiil net affect spawning.

c) Effects on Survival of Eggs and Larvae of Shad and Resident

Fish Species

Temperature rise and salinity chenges that would be brought about
by the postulated diversions are not expected to affect eggs and larvae
survival, development or growth of any of the fish species tested.

d} Adult Fish Populations

Massive blueback herring kills were reported in 1965 to 1967, however,
these occurred during the summer months as dissolved oxygen fell below
4,3 mg/l and temperatures rose above 77°F. Bince these conditions
occurred well beyond the periocd of contemplated diversion, no worsening
of an already bad situation is to be expected. Some adult fish could
feel an effect of the diversion as a result of shifting (in time) of the
availebility of a food supply. Food generally becomes available as
temperatures exceed hOOF. A 2% temperature rise w%uld.have,causedkthis :

40OF temperature to be reached 4.3 and 6.8 days earlier in 1969 and 1970
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respectively. Since some adult fish winter in coves and do not move
;out into the river until temperatures reach hooF.in the coves, they
may arrive in the river up to a week after the food supply beginsg to 7
develop. This assumes that water temperature in the coves would not
be influenced by the 2°F temperature rise in the-river. More informe-
tion is needed in this area to draw any definite conclusions, but no
problem of significant proportions is anticipated.

e) Homing Ability and Timing of Arrival of Adult Shad

Adult shad sppear to be able to home even during extrene Tow £lows.
.Diversion will not reduce flows during these extreme low fiow conditions
so it is logical to assume that the shad’s homing will not be impaired Ly
diversion of freshet water, Historlcally it has been found that shad
tend to enter the estuary when temperatures reach h0C to 43%F., Diver-
sion wouid cause these tempergtures to be reached somewhat garlier,
but no problem is anticipated.

£)  Microbiological Population

Because of the paucity of data in some critical areas of basic
bilology deemed pertinent considering the postulated diversions, no
absolute predictions can be made regarding the ultimate fate of micro-
.organisms in the estuary. Since the temperature and salinity rises are
so small (72%F and a few Mg/L) at any given point and since these
changes develop over & period of time, no significant qualitative or
quantitative alterations of bacterial populations are to be expected
in the short run (a few years). Beyond this span any predictién would

be speculative.



g) Invertebrates
Forty Eight recurring species of invertebrates have been identified

in 60 months of sampling., Of these, four species are dominant. In

their order of abundance are Limnodrilusrhcffmeisteri, a worn; Psectro-

: tanypus and Cryptochironomus, flies; and Pisidium, the fingernail clem.

A 2OF temperature increase can be expected to in¢rease.the metabolic
activity and probably advance sexual maturity slightly in each of the
above species, However, since the postulated diversions will not be
made during sumer low-flow~high-temperature situations, these species
are not put under anyAundue stress. Temperatures after postulated
diversion will still be well within the linits of néturalxy cccurring
variation and only minimal adverse effects are to be expected,

2. TFreshetconditions should continue throughout the esfuamy if
no diversion takes place when flows are less than 17,000 cfs at Monbazue
City. The duration of freshet will be shortened by 2 to 4 days at Loth
the onset and cessation of freshet in a normel year with diversion,

If 12,000 cfs were considered as a control flow, then freshet couditions
would be shortened by 3 to 9 days at both the onset and cessation of
freshet in a normal year.

3. At a 12,000 cfs controlling flow at Montague City, wminor
7feversals of cﬁrient may occur in the lower estuary.. These should not
be sufficient to cause a biologically significent intrusion of saltwater
from Long Island Sound. |

h, Under either controlling flow regime, changes in salinity

distribution will be too small to have measursble biological effects.
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To give the reader insight on how and why these conclusions were

reached, the following three sections on temperature, freshet conditions,
and salinity, are taken directly from the original report sz illustrative

of the analysis of data and approach used in reaching the foregoing
conclusions.

Effects of Diversion on Tempersture Regiumen

In order to calculate the changes in temperature caused by varyiug
diversions, the following assumptions are necessary:

1. The presently existing heat load will remain unchanged.

2. Complete mixing of aesbed effluents occurs within a reasonable
distance from the outfalls.

3. ‘There is no significant gain or loss of heat from the water
to either earth or air.
 fThe first aséumption is elearly unreasonable in a light of existing
plans and projections for expansion of steam generating capacity and
other processes requiring large amounts of cooling water. As such
additional sources of heat materialize, their effects on the temperature
regimen should be studied in relafion‘to the various diversions.

The second assumption is borne out by previous work on warm water
effluents. It has been shovm that the warm water effiuent from the
fluent river water within approximately two miles of the sutfall at
most seasons of the year, Infrared thermametry‘shows highly localized
temperature peaks in the vicinity of other thermal effluents, indicating

that they too mix within a relatively short distance. Furthermore, since



the diversiohs are to be limited to freshet conditions, mixing will be
aided by the:high velocities and turbulence which are characteristic
of freshet flow.. Indeed, during freshet conditions the thermal struc-
tures associated with the ConnéctiéuttYankée Atomic Plant.outfall are
found %o disapp?ar. | |

The third aésumption geems reasconable, at \ieasﬁlduriﬁg the freshet
season, since during this period of the year a net rise in temperature
occurs. Heat losses to the earth are minimal inaéﬁuch as the temper=-
ature differential between earth and ﬁater is at or near its annual
minimum at the odset of fresheﬁ, and dees not increase greatly by the
end of freshet,

With one exception, the heat inpﬁts used for the miﬁing célcu«
lation are in accordance with values supplied by £he Corps of-Engineerso
In the case of the Connecticut Yankee Atomic Plant the values have
been aﬂjusted from an effluent rate of 8l cubic feet per second with
a temperature rise of 20.4°F as stated by the Corps of Engineers 1o
an effluent rate of 830 cfs and a temperature rise of 22,89 in accord-
ance with more current information (Merriman et al, 1970). These data,
and the thermal load resulting from the described effluents are pre-
sented in Table 5., The thermal loading from the Vermont’Yankée'Atomic
Power Compeny's plant at Vernon, Vermont is not included in these
calculations, since it is above the point of diversion, and the anti-
cipated load from this source would npt changg the conclusions of this

gtudy.
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G ?1qE

 SOURCE
Above Enfield
Mount Tom
Riverside
Holyoke
W. Springfield
State Street

S. Meadow
Estuary
Maromas _

CYAP

EXISTING THERMAL LOAD

EFFLUENT RATE (CFS)

201
66.5
41

249
80

523.

570

830

BTU/SEC

147,996

48,970
30,696
250,162
58,906
339,404

462,384

1,180,858

TEMP. RISE (F.) LB./SEC’
11.8 12,542
11.8 4,150
12.0 2,558
16.1 15,538
11.8 4,992
10.4 32,635
13.0 35,568
22.8 51,792
TOTAL

876,134

1,643,242

2,519,376



Inasmuch as there are two large heat sources located near the
middle of the Connectlcut River Estuary, the mixing calculation has

. been d1v1ded so as to cover the upper reach of the estuary, above |
Maromas, and the lower reach of the estuary, below the Connectlcut k
Yankee Atomic Plant, Dischnrges at Thompsonv1lle and Bodkin Rock are
calculated from the given discharges at Montague City by means of
nathematical relationships. For the upper estuary temperature

. elevation calculation, Thompsonv1lle discharges are used, while the
lower estuary values are based upon Bodkin Rock caleulated discharges.

- Results of these calculations are given in Téble 6. Certain minor
thermal loads have been ignored, largely because of the near impossi-
bility of obtaining accurate data, but alsc because of théir ektremely

. small magnitude., No attempt has been made to account for any'difference
in solar heating as a résult of the various diversions, since Specific
data for the Comnecticut River are not available. A theoretical | |
approach could be used to indicate the magnitude of such changes,
however at the presently postulated levels of diversion it is not
believed that the results would be of any great significence. In the
eventrthaf largef diversions are'proposed at any time,‘or if diversions
are proposed which will reduce the minimum flow at Montague Cit& below
the presently postulated 12,000 cfs, such studies should be pursued,

River temperatures héve been monitored at five stations in the

vicinity of the Comnecticut Yankee Atﬁmic Plant for approximatély six
years, as part of a long term study to assess the effects of this plant
on the Connecticut River. PFigure U gives the locations of these

stations, Monthly high, mean and low temperature for the period from
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TWO REACH MIXING CALCULATION

TEMPERATURE ELEVATIONS (DEGe Fe) ABOVE MAROMAS (UPPER VALUE) AND BELOW CYAP {LOWER VALUE)s FOR STATED DIVERSIONS
AT NORTHFIELDs HEAT LOADS BASED OK USACE MEMO NOs 2. FLOWS CALCULATED BY LINEAR REGRESSION EQUATIONS.

FLOW AT MONT=- CALCULATED FLOWS AT : ‘ DIVERSIONS AT NORTHFIELD (CFs)
AGUE CITY THOMPSONVILLE ~ BODKIN ROCK 0 600 800 10090 1600 2000 3000 4000
1000060. 1150494 129843, 0s12 Osl2 Oel2 Oelg Qel2 Cel2  0el3 . Qel3
’ Ca31 0.31 0s31 0a31 Qe31 0e32 0«32 Oe32
90000 103552 11674} : Qald Qeli Oela Oelds Oelé Deléd Qels Celd
Cs35 035 0635 Q35 0e35 De35 Ge35 Qe36
80000, 2054 103639, Qsl5 0sl15 0,15 0sl5 Oelo Oel6 Dels Oelb
0e39 Ca39 0439 Qe39 - Qb0 Ond0 Q40 Qe l
70000 80557, 90538, Oel? D.18 Del8 018 018 0a18 Q18 Oeld
[¢F T3} " Qs45 De45 De4b Oelsd Desb [+ LYY Qed?
60000 69055, TT436e 020 0es21 0a21 0e21 - Q.21 0s21 0e2l De22
0e52 Q53 0ab3 0«53 0e53 Qeb4 DeS¢ 0455
50600 57561 64334 Qo2& Qe25 025 Ce25 Ce25 0e¢25 Qel26 Qe26
063 Qe63 Os64 Qb4 Qa4 0465 0eb6 Deb7
40000, 46064, 51233 030 031 0431 031 - Qe32 ~ 0032 0e33 Ce33
. : 0«79 0.80 OeBO Qe80 081 QeB2 OeB4 QoB5
= 30000, 34566 38131, Oeis] Qe Qets2 Qes2 Qo3 Osé3 Qatlels Oe&b
= le06 1.08 1.08 1409 le11 lei2 1415 lel8

5 .

:0ﬂ20000o 23206%. T 25029 Qesl Q.62 0:63 0a64 0465 0s67  0e70 Os74

b . le61} 1e65 le67 l.68 le72 175 l.83 leg2

19000 21919, 2371%. Dabb Da66 Dabé Q.67 Oeb9 0670 Qe 0278
le70 1«75 1.76 le78 le83 1486 = le9% . 2005

18000, 20769 22409, 068 0«70 0e70 Oe7l 0eT3 . 075 0a79 Qe84
’ ' le80 1:85 1.87 1.89 leS4 1e98 2008 - 2419

17000« . 19615 21099, 072 0a74 Va75 Qe75 0«78 0480 . DeB4 C+90
. le9l 1.57  1,99 29001 2007 Zell 223 2636

16000e 18469, 19789, 0.76 Q.79 079 0+80C 0083 Qe85 Ge9l Q697
: : : 2e04 2410 2613 2¢l5 2e22 2e27 2440 2056

150000 17320, 18478+ - GaBl. QeB4 Ca85 CeBé& 089 0e92 0e98 l605
2018 2426 2028 2031 2439 2445 22861 279

14000 16170 17168, 0s87 0490 0691 Qe93 . Ue96 099 1.07 1215
2035 2ebh 2e&7 2050 259 2866 Z2eB5 3407

1300C. " 150208 15858 Qe®2 - Q497 0.99 l.00C l1e05 1e08 1.17 le27
: 2:55 2055 .68 2072 Z2eB32 2:91 el 3a40

12000 138700 U i4548. 1201 1606 1407 1409 1alé  1e18 1429  led2
. 278 2489 2G4 2¢98 3.12 3s20 350 3,83
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July 1966 through November 1970 have been taken from the data gaﬁhered
for this study, and are presented in Figures 5 and 6 for Stations

3 and 5 respectively. The breaks in these plois represent pericds

in which the monitoring stations were removed because of heavy river
ice,

Effects of Diversions on Freshet Conditions

Freshet, as defined for the purposes of this study, occurs at
Bodkin Rock when a discharge of approximately 22,000 cfs is attained;
and persists until the discharge falls somewhat below this rate.

22,000 cfs at Bodkin Rock is equivalent to 17,698 cfs at Montague City,

80 it is apparent that diversions at Northfield which do not reduce

Montague City discharges below 17,000 cubic feet per second will not

prevent freshet conditions in the lower estuary. On the other hand,

flows of 12,000 cfs at Montague City, equivalent to only 14,540 er's at
Bodkin Rock would not produce freshet flows at this level.

USGS flow records for Bodkin Rock are aveilable for the freshet
seasons of 1966, 1967, and 1968. Total discharges during each of the
three freshet seasons may be obtained by swmming the dally discharges
during freshet, as provided by the USGS. These results are presented
inTable 6, with the volumes required for the various levels of diversion
| expressed both in terms of millions of cubic feet and in terms of per
cent of total discharge. _

From the foresgoing it is clear that maintaining a minimum flcw'
of 12,000 cfs at Montague City will remove freshet conditions in the
Connecticut River Estuary as defined for this study, i.e. at Bodkin Rqék.

This is not to say that freshet will not occur in the upper estuary,
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MONTHLY HIGH MEAN AND LOW TEMPERATURES (F) - STATION 3



** Station removed due to river ice.

Figure 6

MONTHLY HIGH MEAN AND LOWN TEMPERATURES (F) — STATION 5§



ﬁhere tidal effects are minimal and the flows resulting from a
minimuﬁ discharge at Montague City of 12,000 cfs would be sufficiént
to produce a continucus discharge. | 7

At a minimum flow of 17,000 cfs at Montague City, it -a.ppea.rs_'ﬁhat
freshet would océur at or very near Bodkin Rock. However, the estuary
below Bodkin Rock would undoubtedly_experience daily reversals of
current, particularly at periods of extreme tides.

As more work.is being done on the effects of regulated flows on
river morphology, it becomes more and more apparent that small changes
in flow often result in large changes in river morphology. It is
obvious that the shape_and.nature of the Connecticut River am.any
instant is the result of adjustments made over many centuﬁies in
response Lo changing envirommental conditions., The annual spring
freshet ﬁas been an important factor in shaping the river as we know
it, and major alterations of these fiows, such as diversions beybﬁd
the presently postulated limit#, will be reflected in changes in the
morphology of the river,. |

ﬁ'ig‘mii-e 7 portrays daily discharges at Thompsonville
for five successive segsons; and shows that both the onset and cessation
of freshet are sudden, For this reason, whether the controlling flow
is set at either 12,000 or 17,000 cfs, it is unlikely that the postulated
diversions will affect the length of thé freshet season by more than
 a few days at either end. While this change may have some biological
significance, it séems unlikely thatuiﬁ wnuid héwe any appreciable

effect on the hydrological regimen of the estuary.
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Effects of Diversion on Sslinity

Five monitoring stations have recorded conductivitj, smong other
'parameteré, since July 1966. The purpose of these conductivity measure-
ments is to delineste the movements of the salinity gradient in the
vieinity of the Connecticut Yankee Atomic Plant., Monthly high, mean
and low conductivity values for Station 5 are given in Figure 8 for
the period from July 1966 through November 1970. Station 5 was located
on the east bank of the river, 10.3 miles above tﬁé:ﬁoﬁth'until December
: 1969 when it was relocated to the west bank of the river, 8.0 niles
above the mouth. Station 5 was opgra&ed:SegSOnalIy until March 1969,
when it was converted to a year-around station,

The results of this work show that the main body of salinity
lies below the Haddem Bridge (13.4 miles from the river mouth) for
most of the year. Only during.seaéons_qfvektféﬁe 16§'f10w doeé it
approach the Connecticut Yankee Atomic Plant, and then only during
periods of extreme tidal ranges. Obviously, during freshet conditions
any salinity is restricted to an ares within a very short distance
from the mouth of the river.

Unfortunately, these stations do not yield any data for that part
of the estuary lying within the first eight miles of the river. Meade,
however, presents an excellent description of the response of the.
salinity front to varying rates of discharge. This data are swmarized
in Table 7 showiﬁg the position ofrvaridus levels of chloride cqnceﬁ-
trations in terms of their distance fr&m the mouth of the river, Meade
also describes the vertical distribution of chlorides, indicating that
the gradient stéepens with increasing flows, and flattens with decreasing

fiows.
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coT.
L erqex

* Chloride Concéntrations near Mouth of Connecticut River

Date

27 Aug 1935
2§ Sep 1935
18 Aug 1935
25 Jul 1935
12 Jun 1935

13 Apr 1937

Discﬁarge at

Surface Chloride Concentrations (opm)

0.01 1.0 -2.0Q 4.0 8.0 10,0

Thompsonville , .
(cfs) Distance (mi,) from Mouth of River
2,013 12,5 8.3 7.6 5.6 4.0 2.4
5,933 - 10,7 | 7.8 7.2 5.4 3.1 -
7,698 9.7 7.6 5.7 4.2 2.0 -
2,322 5.8 - - - - -
17,798 5.6 - - - - -
32,030 - - - - - -



: Meade'é work. shows that chloride concentrations in excess of
ohe part per thousand did not exist above river mile 2.4 with & disf'
charge at Thompsonville of 17,798 cfs on the precediﬁg day. This
indicates that with a control flow of 17,000 efs at Montague City,
equivalent to more than 22,000 cfs at Saybrook, there would be little
or no change in the positicn of the freshwater-to-saltwafer gradient.
Even with the Thompsonville discharge reduced to 9,322 cfs, Meade
shows no concentrations of one part per thousand or more at river
mile 5.8.. It is obvious that the interface would move upstreasm with
this'reduction in flow, but from Meade's work it appears ithal even
at & controlling flow of 12,000 cfs at Montegue City, the interface
would not move above river mile 5.8.

Providing that freshet conditions are maintained during periods
of diversion, saline water will continue to be restricted to the area
riear the mouth of the river. If diversions are large enoﬁgh to permit
reversals of current in the lower estuary, the salinity froal will
advance upriver, reaching positions corresponding to the various flows
a8 shown by Meade (1966).

Sediment
" At low velocities the 811t Is undergoing only minor changes; however,

duting the spring when the velocities are greater than 2 fps the silt is

removed frém thewsurféééﬂgfméhéwsénd”sﬁbstfété_éﬂdvéaffié&'fuf%ﬁéf”dawns,
stream. At tﬁismtime'fhéffiﬁé;féééigéﬁgﬂéhd-éﬁéii'bfgdniéégmé;; trang-
ported until lower velocities occur, in the late spring. Chsnges occur

4n the sediment and pcpulatiénswwﬁén_the ﬁatér column unloads at thgge
ldwer velocities. Increases occur especially at the microfaumal 1evels'
(protozoans, nematodes, cladocerans, and copepods).

-10*'“. _



In attempting to assess the effects of divarting Looo cfs'and leas
during flows about 12,000 cfs no direct associstion with sediment ~
compositions were found. Based on available information no significant
éhangéSfin the sediment would occur with a control flow of 12,000 cfs

at Montague City.

Conclusions of the Connecticut River Estuary Study

. 1. Temperature elevations at the highest postulated diversion will

be approximately 0.61°F,

2. Maintenance of 17,000 cfs at Montague Ciﬁy will suffice to pro-
duce freshet conditions in the estuary - 12,000 ¢fs will not.

3. If freshet conditions are maintained, there will be no appre=
ciable change in the salinity distribution.

4. If freshet conditions are not maintaiﬁed, the salinity gradient
w;fi_iiFmigrate in response to changes in discharge rate.

Socio-Economic Impacts of -all Diversion Projects” =

In the evaluation of the socio-economic impacts which aﬁy of the
diversion projects may have, two conditions were tested. First, if
water were made available to meet 1990 needs and second if projects
were not constructed. These were called the "go" and "no go" situations
'respectively. Impacts for both of these situations, that is, ?go“'or
"no go", were then investigated both for communities to be serviced

by the diverted water and for those municipalities within the Con-
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necticut River basin. These two sets of communities are referred to
in the following paragraphs as receiver and supplier areag, respectively,-
" For the receiver area, findings can be expressed in two ﬁiffergnt

ways. First, concrete losses with and without diversion can be
totalled: all receiver communities with normal runoff conditions
and the projects implemented could expect no‘ecbnomic-losses, if,
on the other hand, projects necessary to meet 1990 needs were not
implemented, then these communities could expect losses toriota1f$83
million through 1990. The categories included in those totals en-
compass industrial, city, emergency city, revenue, commerce, sprinkling,
business investment, and domestic investment losses. However, ﬁhese
figures say nothing of the ﬁays in which such losses might be allo=-
cated. That is, of the more than $4 million in revenues not collected
in 1990 by all receivers under the "no go" situstion, there is no way
of knowing, for instance, whether it would be municipal expenditures
on recreation or on schools or on some other category that might
suffer. Therefor, an estimate of the loss in classroams not built
(say 600 rqoms) is merely one possible expression of total dollar
loss, Similarly, housing units not built are but an alternative
manifestation of losses in the private sector.

Under drought conditions, the receiver communities would fare
even worse without the diversion projecfs' implementation. In the
event of a drought occurring,'concrete losses for the receiver area

total over $210 million by 1990.
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Social impacts in the receiver area are principally "shadow costs"
of concrete losses generated by water shortage.  As municipal'éfféitéi-
turn to finding new sources, building bans to hold the line on new de-
mand are a likely eventuality, BSecond-order. effects of expenditures on
water searching manifest themselves as sléwed schodl building programs,
poorer municipal services {especially fire protection) and a general
malaise in the development plans of the subject towm. Mgreover, it
appears that citizens are likely to become discourasged and-frustrated
as they see their lawns dry up during watering bans., In many ways .
these feelings are reflected in attitudes sbout the desirability of
their town as a place to live and work., The net result is stegnating
growth, hostility toward the communities which snare the industries
ungble to locate in a water-deprived town, and:a growing dependence on
M.D.C. admission as the ultimate solution to water shortage.

With respect to the water supply itself, receiver communities
benef'it from implementation of the diversions in two specific ways;
First, exceptionally high water quality and availability wiil be
available to meet future needs. Second, socio-economié losses which
would occur without the projects will be avoided at least through‘l990.

In general, tangible impacts felt by supplier areas will be
related principally to the land taking and subsequent construction
activity in any of the communities affected by any of the brbjecté;
Royalston is the community affected most significantly, although only

by Alternative No. 3, where only 3 percent of its nearly 42 square miles
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are even potentially-exposed to alteration. Evidence of tunnelling tp
Quabbin from any of the projects will be seen primarily as access shafis
in two or three locatioﬁs and spoil di3posa1 sites which have ﬁot yet
been finally identified., From an economic standpoinﬁ, anticipated.
éhanges rélaxe'chiefly to the job openings stimwlated by construction
over a five year period.

Two qualifying points must be wmade, though, to establiish a proper
perspective on a labor influx. First, the diversion projects togefher
will require something under 1,000 men -- a comparatively smell number
ﬁith respect to the much larger work forces assembled at Vermonﬁ'Yankee
in nearby Vernon and at Northeast Utilities® pumped storage facility
at Northfield. Experience indicates ﬁh&t even if this nusber were to
be larger than in the Vernon case, it is unlikely that the supplier
area would suffer any adverse effects, school overcrowding, housing
shortages, transportation snarls, etc. Indeed, as a secénd mate on
impacts, it may well be that many of the same workers employed in
Vermont and at Northfield Mountain mey move on to the Corps and M,D.C,
projects as the former pair near completion. Of course, timing is a

significant factor, but it is reasonable to assume that at least some

transfer will be observed when construction commences.

In a post~audit of the labor force assembled for the construction
of the hydroelectric facilitiesraé Northfield, fully 84 percent were
hiréd locally. The great majority already lived within commuting
distance and spent their pay checks locally. Thus salaries were intro-
duced to the economics of central Massachusetts and southern New

Hampshire and Vermont. The majority of the labor force, however,fai&-
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not reside within the towns of Northfield or Erving, For these commu~
nities, then, purchase of meals and incidentals were the major sources
of increased spending.

Apart from relatively small economic impacts, social impacie related
to suppliers® perceptions of equity are particularly significant. Though,
objectively speaking, little real proof of harm can be demonsirated by
even the most adamant opponents of implementation, supplier towns feel
e kind of moral outrage at being "forced to give up our water”.

With respect to the benefits which could accrue to the supplier ares,
the following three are common to all projects:

1. Aﬁ improved economy in eastern Massachusetts which would
have a positive effect on the whole State,

2. Insurancg of a healthier Quabbin Reservoir for present uses.

3. A better aesthetic enviromment at Quabbin Reservoir'becauSe of
increaseé pool levels.

In addition, alternatives No. 1, 2 and 3 would provide:

1. Assurance of a future source of supply, if needed, based on
historical precedence of the Metropolitan District Conmission in their
other (e.g. Wachusett and Sudbury Reservoirs) source areas.

- Together with all of the previously noted benefits, Alternatives
No. 1 and 2 would also insure the following:

1. A cleaner river than otherwise possible under the present
implementation schedule.

2. Larger, more lasting effects on the regional economy occasioned
by the waste treatment plant construction and operation.. The added re-
gquirement for treatment plant operators would probably he drawn from the

local labor market,
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4, Adverse Envirommental Effects Which Cannot Be Avoided Should The

Plan Be=I@P1emented

The major impact on the hydrology of the donor systems will be
to reduce the peak flows of the riVers during high runoff periods in
the spring and sometimes in the sautumn. A corollary effect of reducing
peak flows, is to reduce the asmount of flooded a&res in the river flood.
plain downstream. According to the U.S. Geological Survey, recharge of
ground water aquifers will not be affected during high runoff periods
when diversion would take place since floocd conditions are already cone
trolled by Birch Hill Dam and Tully Dam.

During each spring diversion period, about 1-2% of the Comnecticut
River flow volume will end up in Quabbin Reservoir through the Northfield
diversion. An additional 1% would come to Quabbin through £he Tully
diversions if they were completed. For the spring of 1971, the theoretical
figures would have been 1.5% had the Northfield diversion been iuiplemented,
plus an additional 0.9% by way of the Tully system. These smounts repre~
sent 1% of the total annual flow of the Connecticut River at Montague
City. No appreciable impact on the hydrology of the Comnecticut River and
its watershed downstream from the Northfield diversion site is expected.
Berger (1971) has estimated that the Northfield diversion %o Quabbin would
creaté a stage reduction of 0.2 foot (2 3/8") at Montsgue City.

There will be a greater effect on the Millers River system since a
larger percentage of water would be diverted‘during diversion periods,
but again no appreciable impact on the hydrology of the Millers River

watershed is expected,
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5. Alternatives to the Proposed Action
During the planning stage of this report a wide range of alternatives

torthe proposed divergions were investigated. Includedlin these alter-
natives were other possible diversions, use of new technology as a means
of auvgmenting existing supplies, non-structural approaches such as re-
duction of demand and the evaluation of the no-action alternative. A
description of these alternatives and their potential, as solutions to
the existing problem; are given in the following paragraphs.

Ko Action

 Within the intent of the Netional Environmental Policy Act of 1969,
we must consider the alternative of no diversion.v Mention has already |
been made of the probable deterioration in water quality in Quabbin
Reservoir during Phase I. Extending the time reference beyond 1976, we
predict a further deterioration in the condition of Quabbin Reservoir if
the projections as shown in Figure 1 are operative. Central to these
projections are average inflow conditions and the realization of the
projected increases in water supply demand .

An analysis of the dilemma can be approached in terms of classical
limnological concepts. Under full pool conditions, Quabbin Reservoir
would resemble a temperate lake of the second order (Welch, 1952).
Moreover, the condition would be quite characteristic of an oligotrophic
lake. In such e lake nutrients are low, electrolytes are low, dissolved
oxyzen levels are high, algal blooms are rare, and cold-water fishes
(salmon, trout) are found in abundance. As the reservoir loses volume,
1t will approach the conditions of a temperate lake of the third order,

the chief characteristic of which is a loss of thermocline and the de-
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velopintibr euentiaily 1sothermous conditions. Such a lake will move
faster toward a eutrophic condition than will a second order lake.
Eutrophic lekes are relatively shallow, nutrients are abundant dissolved
oxygen uxy be absent in deeper layers, blooms are common, and the fish
populations are predominantly warm-water fishes (Welch, 1952).

Hawev_er, the situation at Quabbin Reservoir =i.a complex in that some
sections are very deep (over 100 feet), whereas some areas of the northern
section are very shallow. Moreover, the reservoir is a dynamic and not
a static pool, with substantial, annual inflow-cutflow volumes. Therefore,
it i_s very difficult to state at what elevation {or volume) the reservoir
will reach a "critical point”. Water quality conditions, algal growth
patterns, and fishes in the northern sections suggest tha.t.progreuian
toward eutrophication is already taking place there, Water quality in
the main body is still of a high quality. As the projected volumes
decreage over the years, the relative masses of high versus low quality
water wiil shift toward an ow.rera.ll lo8s in water quality. Losses in '
volume will decreasse the treatment capacity and possibly the retention
times of new inflqw waters. Losses in hypo.limnion volume will certainly
diminish the standing crop of salmonid fishes. Finally, at some point
in time before total water depletion (1985), Quabbin Reservoir will not
be acceptable as a public water supply. Qur conclusion, therefore is
to regard the no-diversion alternative as unrealistic unless other
alternatives, outside the scope of the present project, offer better

solutions to the projected Boston metropoliten water supply problem.



'Relsﬁed to the no~diversion alternative ig the concept.of delays

in diverting fﬁe proposed riverine sources. Again, we cannot set a
critical time 1limit, after which diversion of riverine waters might

pose a higher risk to the maintenance of a good water supply. Several
seasons with good inflow into Quabbin Reservoir, such as with the

current situation in the spring of 1972, would displéce the curve "existing
system" of Figure 1 to the right. Another drought period would shift

it to the left. Assuming again, as we did earlier, that the supply end
demand remains as projected, about half of the current volume of Quabbin
-Reservoir will remain by the end of this decade. As a first approximation,
we are guessing that the relative decrease in water quality, the marked
decr;ase in diluting volume, and the reductions in treatment capacity

will increase the risks of diversion if diversion is delayed by four

years to 1980, If, on the other hand, the water quality of Quabbin
Reservoir decreases faster than we believe during this period of delayed
diversion and if the Connecticut River waters improve faster than projected
through abatement procedures, we could indeed be faced with a reversed
situation, in which the riverine waters are of a higher quality than
those of the then-existing reservoir. Irrespective of the exact year,

at some point in time, riverine waters will actually be of a higher
quality than the reservoir. Under these conditions, it is impossible to
predict the final water gquality after diversion and retention of Conn-
ecticut River water in the then-existing reservoir, We can predict,'
however, that the meintenance of a good water supply will be greatly

impaired following significant delays in the proposed diversions.
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In the evaluatidn of this alternative, it was assumed that any
failure to implement additional. supplieg for the study area would cause
socio-economic impacts on serviced communities, To verify this assump-
tion, & quantification of these impacts was neceasary,

Bstimates of impacts caused by no-action policy can be axpressed
in two different wa&s. First concrete losses without the diversion total
$8l4 million to 1990 and $738 million to 2020 if average runoff conditions
prevailed, Under drought conditions, concrete losses without diversion
total $146 miliion ﬁo 1990 and $835 million to 2020.

- Categories included in these totals encompass industrial, city emer-
gency, city, revenue, commerce, sprinkling, business investment and
domestic investment losses. However, economic losses in these catee
gories say nothing of the ways in which the losses might be allocated,
For example, of the approximately $4 million not collected in city
revenue in 1990 by all receivers under a no-action policy, there i8 no
way of knowing whether it would be municipal expenditures on recreation
or schools that might suffer. In Section 3, this loss in revenue
was expressed as 600 classrooms. Similarly, housing units not built
are but an alternative manifestation of losses in the private sector,

Social impacts in communities serviced by the supply system under
.a no-action alternative would be principally "shadow costs™ of the con-
crete losses, As municipal efforts turn to finding other scurces of
supply, building bans to hold the line on new demands are a likely

eventuality.
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Second-order effects of expenditures on water searching manifest
themselves as slowed school building programs, poorer municipal services
(such as fiie protection) and a general malaise in the region's develap-
ment plans. Moreover, it appears that citizens are likely to become
discouragéd and frustrated as they see their lawns dry up during watering
bans. In many ways these feelings are reflected in attitudes about the
desirability of their community as a place to live and work. The net
result could be stagnated growth, hostility toward other comeunities
able to lure industries unsble to locate in the water short municipalities.

Based on the evaluation of the socio-economic and envirommental im-
pacts, the no-action alternative has many disadveantages. Use of this
alternative, therefore, does not offer a realistic solution to the short
range needs of the study area.

Weather Modification

The primary source.of thé water used for public and private water
supply in Masaachusetﬁs, as in most humid éreas, is precipitation falling
directly on the areas concerned. It follows then that if precipltation
can be increased in a regﬁlaied manner, the water supply can also be
increased, To this end several major agencies such as the United States
Weather Bureau, the United States Bureau of Reclamation, the American
Meteorological Society, and the National Science Foundﬁtion are inves-
iigaming ways of productively*modifying natural précipitation patterns.
The primary focus of research is in.the area of cloud seeding, Other
fields of interest are long-term seasonal precipitation forecasting and
fog drip aﬁgﬁénfation. Since little work has been done on the latter
two, and what little has been accomplished is not applicable to the
Massschusetts area, only the process of cloud seeding will be reviewed in

this section.
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A. Cloud Seeding

Simply stated, rain falls from clouds when water vapor in the clouds
condenses around nuclei and forms rain drops large enough to.overcme
frictional resistance to falling. In technical terms, this procesé is
the conversion of the water vapor from a sta;te of colloidal stability
to one of colloidal instebility. The concept of artificially induced
precipitation by cloud seeding refers to the introduction of po.rticlaa‘of
foreign substances, such as dry ice and silver iodide into clouds to
gerve as éondenbatidn nuclei. Theoretically, this action will result
in condensation of the water vapor and consequent precipitation. In
short, it 1s _acientific rain making.

The testing of the engineering and economic feasibility of this
theoretical process has been concentrated in experimental i)rojecta in
the Rocky Mountain and Upper Great Plains regions. A cost benefit
study was performed for the Connecticut River Basin, but this atudy was
in design only with no actual experimental work involved. Most infor-
mation regarding the potential of cloud seeding in the eastern United
States is derived from commercial cloud seeding operations.

Some of the findings resulting from these studies and expariments
are summarized helow:

1) The state of the art is such that most researchers look upon
the potential of increased precipitation through cloud seeding with an
air of cautious optimism. Stu&y to date, however, has provided little
more than a beginning to the solution of many of the problems involved

in weather modification.
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2) Cloud seeding is impractical during severe drought condi-
tions when water shortages are most critical, The first requisite for
cloud seeding is the presence of clouds,‘and droughts are notable for
their lack of clouds, Present technology is not even remotely capable
of producing clouds by weather pattern modification. During a tempo-
rary interruption of drought conditions, clouds may form over an ares,
Even under these conditions, however, cloud seeding would not appreciasbly
alleviate water supply problems since any precipitation would in all
likelihood be tsken up immediately by planﬁs. It is apparent then that
water shortages in periods of drought cannot be solved by cloud seeding.
Any gubstantial seeding induced precipitation would have to be produced
during non-drought conditions with abundant moisture in the atmosphere,

3) There are many problems that must be solved before sub=
‘stantial technological breakthroughs result. One of the most critical
is the inability of researchers to satisfactorily define optimum cloud
conditions and seeding techniques and to predict seeding results accu-
rately. In other words there is an inadequate understanding of the basic
cloud processes which determine: a) the "seedabilitv" of a cloud or
cloud system, and b) the proper seeding treatment to stimulate rainfall
production efficiently in a potentially seedable cloud.

Another problem is the possibility of undesirable effects of seeding.
Indiscriminate seeding might increase soil erosion and sedimentation
in streams through intensification of the normal rainfall rate of natural
storms, -There is the possibility also that artificial seeding of clouds

might in fact reduce the natural rain producing capacity of the clouds.



) Bstimates of the feasibility of cloud seading in the eastern

part of the country, including New England, are vague and poorly defined. .
Most recent cloud aeeding'resea.rch has been conducted in the western
states, Atmospheric scientists have cautioned that results of seading
experiments in one area of the country must be viewed witﬁ caution when
epplied to other areass characterized by differeﬁt topography and climate.
It is apparent that much research needs to be done in the eastern part
of the country. There is data available for parts of this ares from
commercial cloud seeding operations, However, these operations were not
performed under proper scientific and statistical control procedures end
any data gathered in such a manner must be used and interpreted with care,
B, Conclusion |

Research has continued to improve the state of the art of weather
modification by cloud seeding and other means. At best, however, weather
modification is still an inexact science. Studies are unable to predict
optimuﬁ cloud conditions and seeding results with any degree of accuracy.
It is the conclusion of this section, therefore, that at this time weather
modification operations to augment water supplies in Massachusetts does
not appear to be a viable solution to the immediate water supply problem,

Desalinization

Desalinization, the process in which brackish and salt water is con-
verted to fresh, is currently being used in some parts of ‘L‘.he world as
8 viable, economically feasible source of fresh water, This process
thug was éonsidered for its potential as a future alternative solution

to the water supply needs of eastern Massachusetis.
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The conversion of saline to fresh water is accomplished through four
major'proggspeg; distillation-evaporation, membrane separation, crystale-
lization, and chemical differentiation. A descriptive summary of esch
process 13 given below,

A. Distillation-Evaporation

In this process, water containing salt or other impurities is heated
and vaporized. The water vapor, free from the salt and other solids which
remain behind as the water boils, is then condensed and cellected, The
system is basically a simple one requiring only e source of heat energy
to boil the water, a method of cooling the water vapor (condensation)
and iarious kinds of plumbing and receptacles for the transfer and
storage of the water.

Since distillation, by its nature, results in the complete separation
of the water vapor from the dissolved salts of the influent, the process
"produces fresh water of exceptional purity. Because this method removes
the ﬁater from the salt, rather than vice versa, the quality of the
influent is not critical and the system works equally well on water with
a'high:salt content as an only slightly brackish water, For these reasons,
smong others, distillation is the oldest and best-known process of
desalinization. |

B. Membrane Separation

Desalinization .by the membrane process is based upon the ability of
'tﬁih membranes to pass molecule of pﬁre water and retain the ioms of
salts and other dissol#éd solids. There are three basic variations to
this concept: a).electrodiélysis, b} transport depletion, and c¢) reverse

osmosis, The first two variations depend on the electrical properties
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of the ions involved, while the third depsnda on a pressure differemntial
existing ucm;l the membrane, Of these three variationa, the electro-
dia.lyais process is the most well established, with many commercial
installations througﬁaut the world,

In contrast to distillation, the membrane process separates the salt
from the water rather than t.he. water from the sﬂt, Esch stage of the
electrodialysis process removes slightly less than 50% of the dissolved
80lids in the water being treated. The more galine water, the more
stages are needéd and hence more energy is comsumed, For this reason,
electrodialysis and other variations of the mexbrane process are more
economical when used with brackish water with a salinity of between 5,000 -
10,000 mg/1, as opposed to more saline water. The water can then be
refined in stages to the desired degree of purity.

C. Crystallization

This process relies primarily upon the fact that as water freezes, the
ice crystals reject ions of salt., Saline water is frozen and the crystals ‘
of pure ice are then skimmed or removed for later use from the still
liquid brine, A second method of separation by crystallization employs
the.hydra.te process which i8 the formation of a crystalline subatance by
the combination of water with low molecular weight, hydrocarbong or their
derivatives, Like ice crystals, these hydrates reject salt ions. It
takes less energy to freeze water than it doeé to boii it, thus this
method has an advantage over distillation in that it consumes lesa energy.
The crystallization process has not been widely used, however, and fur-

ther research into its effectiveness 1s continuing.
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- D, Chemical

In this process either the water or the dissolved sslts are made to
undergd a chemical reﬁction vhich forms a substance which can bé essily
‘separated from the untreated water. Ion exchange, a method by which the
saline water is passed through treated resin and the'salt ions selec-
tively removed, is the mqst uidély used method of chemical desalinization.

The efficiency of ion exchange decreases with time as the "holes" in
the resin become filled with salt lons. Once the resin is saturated, the
operation must be closed down and the resin regenerated. For these
reasons, the process has had only local exposure and small volume use,

E. Present Application

Sea water can be considered, for all intents and purposes, an unlimited
source of fresh water once the technology of desalinization is refined-to
a point where it is economically feasiblé. To this purpose, the federal
govermrment, through thé Office of Saline Water, has promoted extensive
study and research inte the problems of desaliﬁization. Several model
and testing plants and facilities have been constructed to aid in these
studies. The research to date concludes that of the four main processes
discussed above, distillation and membrane separation are best suited to
| large capacity plants. Economical considerations dictate that distillation
is best for zea water and electrodialysis for brackish water,

Many desalting plants are currently in operation in areas where there
is a pronounced lack of fresh water supply. Certain areas in Africa, the
Middle East, the Island of Malta and the Carribean Islands are represen-
tativelgxamples. A di#tillation plant in San'Diego produced 1.k mgd and

an electrodialysis plant in Buckeye, Arizona has a capacity of 0.65 mgd,
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A distillation plant is presently proposed for San Louis Obispo and
Sante Barbara Counties, California, which will have a capacity of L0
mgd, Comstruction on this plant which will be the largest in fhe world
is scﬁeduled to begin in 1973, |

F. Costs of Desalinization

The cost of‘fresh water produced by desalinization depends upon the
capacity of the plant, the type of process used and whether nuclear or
fossil fuel is used. In general, the larger the plent capacity, the
less the cost per unit of water. As has been mentioned previously,
distillation is more econcmical for the desalting of sea water, while
electrodialysis is better for brackish water. The water costs from
nuclear fueled plants are approximately 10% lees than from fossil fuel
used in large capacity (more than 100 mgd) plants.

The current cost of desalting is about one doller per thousand
gallons, This estimate is based upon an cutput capacity of 1 mgd, an
amount representative of many plants currently in operation, Designs
for the larger plants, such as for San Louis Obispo and Sentsa Barbara
Counties, California, indicate costs in the vicinity of 73 cents per
thousand gallons.

G. Conclusion

Desalinization by numerous processes is already feasible in parts of
the world when the natural supply 1s elther scarce or_of poor quality.
In these areas, the relatively high costs of water produced by desalini-~
zation are justified., Research has indicated that when larger capaclty
plants are designed and in production, the costs could ultimately be
reduced to approximately LO¢ per thousand gallons, although the proposed

California plant would produce water at T3¢ per thousand gallons. Even
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at this reduced cost, however, desalinization is not competitive with
present costs of developing natural-surfgce and sub-surface water supplies.
For exsmple, the cost of water from the Northfield Mowntain diversiom is
.about lli¢ per thousand gallomns.
- Aside from the economic costs involved with desalinization, the

Office of Saline Water is also investigating the potential hazards to
the environment which might occur from disposal of waste brine. This
brine from distillation plants is of high temperature, higher chloride
content and may contain concentrations of copper, all of which could
prove injurious to the enviromment. As a result, this report concludes
that.desalinization not be considered at this time as a viable alter-
native source of water in eastern Massachusetts for the short-range
water supply problems. When and if the technology and efficiency of
this process is refined so that it is economically and envirommentally
competitive with other methods of supplying water, its feasibility can
be re-evaluated,

Importation

During the crisis years of the sixties' drought, many newspaper and
periodiéal'articles'pondered the possibility of diverting water from
extra-regional sources as a solution, One of the major basins often
mentioned as a water supply source for the Northeast was the Saint
Lawrence. AS an glternative to developing local resources to meet future
water needs, an investigation was made regarding the  feasibility of

diverting Saint Lawrence flow to meet future needs.
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The Saint Lawrence River Basin im an impressive bagin both in its
size and the annual runoff from its watershed, The drainage area is about
295,000 square miles at Ogdensburg, New York, which includes over 95,000
square miles of water surface srea, most of which is in the five Great
Lakes, Storage capacity within the lakes regulstes the ficw.in the river
to a large degree, The long term average dischmige at Ogdensburg is about
240,000 cubic feet per second (155,000 mgd). From a review of these
statistics, it ;s apparent that the basin, if devgloped,could meet the
forecast supply demands for all of southeast New England,

Engineering studies were conducted to assess various methods and
quantities of development from the basin., Cost estimates were prepared
for projects which would service all of the Northeast through the year
2020. Construction costs for such facilities were estimated to be as
high as 8.5 billion dollars excluding any neceasary water treatment
costs. Water delivered from such an wndertaking would cost substantially
more th#n gimilar volumes made available from local rescurce potential.

In addition to the high cost of water, this alternative zlszo has
several other major disadvantages. First, the nature of the project
would not allow stage development, Thus, large expenditures of funds
would be required for distant long range needs. Second, since the basin
is international, negotiationg with Canada would have to be held and a
treaty consumated prior to diversion, Assuming that Canada would be
favorable to such negotiations, at best, any treaty would be in the

distant future.
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. Baged on the results of investigations conducted as part of this
report, the importing of water to meet short-rasige water supply needs .'
does nc;t present s visble alternative for the southeastern New England
Region,

Waste Water Reuse As A Municipal Supply

Waste water reuse, especially in industrial procees application has
been ecoﬁmically successful in many sections of the country. The
Bethlehem Steel Company in Baltimore, Maryland currently uses about
120 mgd of treated municipal waste from Baltimore did uses this efflu-
ent in its quenching and cooling proceases., The Dow Chemical Compaay
uses treated sewage from the City of Midland, Michigan for use ian its
cooling water and fire protection system. In Amarillo, Texas, effluent
from the municipal sewage treatment is used as cooling water and boiler
make-up water for industries located in that city.

Other uses to which treated waste water has been applied include
irrigation of both crop land and lawns, as a fresh water barrier against
salt water intrusion, end in some cases as a source of supply for for-
mation of recreation lakes and ponds.

Direct reuse of waste water effluent as a public water supply,

" however, has not been utilized to a large degree. Advanced waste treat-
ment research and development programs et the Federsl level are cont:l.:nuing
and pilot plant studies such as the noted Lake Tahoe project are apparently

meeting with some success.

125



The current Drinking Water Standards do not apply to direct reuse
of reclaimed water for drinking. In & series of recent articles, the
Division of Water Supply Programs, Envirommentsl Protection Agemcy
(formerly Public Health Service) has described a number of potential
health programs which could occur with the use of renovated waste water,
Recent public repercussions from birth defects caused by thalidomine
and from 7the gide effects of other new drugs, underscore the reaponl:lbiiity
that health officials have in introducing or promoting the use of re-
claimed waste water as a domestic source.

Health officials feel many gquestions remsin wmasnswered which mast be
fully investigated if renovated waste water is to be considered for
drinking water purposes., Research considered vital wes described in en
articlel prepared by the Director and Deputy Director, Division of Water
Supply Programs, In their article it was stated that before development
of intimate personal-contact uses of renovated waste waters, one needs to

A. Initiate studies on viruses for

i) Development of improved viral detection and emmeration
methodology.

2) Explorstion snd definition of the basic properties of
enteric viruses,

3) Provision of knowledge on transmission of viruees through
" the aquatic enviromment. _

4) Definition of the impact of viral disease on man through
associated epidemiological studies.

5) Development of technology for the positive removal and

inactivation of viruses,

1 Lang, W.N. and Bell, F.A., "Health Factors and Reused Waters,"
Journal American Water Works Association, April 1972.
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B. Investigate the potential problems from bacterie and other micro-
organiems in reclsmetion systems.
c. Idéntif& and éefine the'potential heﬁlth effects of organic aﬁd other
chemicals not removed by reclamation plants and subject to build-up,
and develop techniques to identify and measure readiiy the concentrations
of' such chemicals. _
D. Dispel the cloud that hangs over the whole subject of reliability for
wvastewater-treatment-plant operation. Reclamation plants for direct
reuse must have fail-safe processes, back-up facilities, alternéte means
for disposal, continuous monitoring, and bioassay, and they must be
operated in an atmosphere that demands reliability. &tate programs
responsible for the operation of wastewater-treatment plants will require
upgrading. Pilot and field-scale testing will be required for the valida-
tion of processes and practices prior to their widespread use.
F. Use common sense, Renovated wastewater should not be used for the
ultimate personal use ~-- as a drinking-water supply -~ until there is no
other practicﬁl choice; and then, hopefully, the minimum research will
have been completed and the use will be carefully operated aﬁd controlled.
Meanwhile, in water-short areas, the renovation and reuse of wastewaters
for indﬁstrial, limited irrigation, and other low human-contact purposes
should be investigated and advanced.

The future of direct wastewater reuse particularly in industrial appli-

cations seems promising. Future water demand forecasts for lndustrial usage

in fact, anticipates greater recycling of water in the industrial sector.
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Use of renovated waste water as o regular domestic supply, however,
requires full results of proposed research. Until such research is come
pleted, waste water reuse as a municipsl water supply is not a viable
alternative to meet short«range supply needs,.

Ground Water Resources

A study of the ground water resources of Massachusetts was prepared
for the Corps of Engineers by the United States Geological Survey. The
study was based upon analysis and interpretation of available data and
did not include any new exploratory work. The objectives of the study
included an estimate of the area extent and sustained yleld of principal
aquifer reservoirs which might be used for supplementing municipal and
industrial water supplies. The cost of producing the water was also
estimated,

A. Occurrence of Ground Water

A water bearing strata of rock material is called an aquifer. The
principal aquifers underlying Massachusetts are of three types:
1) Stratified drift, layers of sand and gravel commonly interbedded with
some silt and clay; 2) till, a non-stratified, poorly sorted mixture of
cia;y, sand, gravel and boulders; 3) erystalline metamorphic and igneous
bedrock, Till and bedrock aquifers yield small amounts of water, suitable
- only for domestic supplies, Only those aguifers occurring in stratified
drift have the potential capacity to sustain large withdrawls of water,

Geologic reports and well logs were studied to determine the distri-
bution and thickness of stratified drift deposits in Massachusetts.
Deposits were found about everywhere in the state but were most extensive

in the valleys and outwash plains of the east and southeast area.
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B. Hydrologic Parameters

In order to evaluate the aquifers as potential sources of water sup?ﬂ#,
their ﬁatér-£faﬁ§ﬁitting and storage characteristics were studied., Per-
meability values, iﬁ gpd/sq. ft.,were assigned to various lithologles
such a8 gravel, sand and gravel and coarse-medium-fine sand on the basis
of the relationship between grain size and permeability. The transmiss-
ibiiity, in gpd/ft., of & lithologic unit was then determined by multi-
Plying the thickness of the unit by its permesbility value. Coefficients
of transmissibility and storage were also calculated from controlled
pumping and drawdown tests at wells sunk in the aquifers.

?he saturated thickness of the mquifers were mapped where data was
available, The thickness was determined by subtracting the elevation of
the base of the aquifer from the water table elevation, The saturated:
thickness 6f stratified drift, although not necessarily indicative of the
presence of permeable zones, has been found by investigators to be a
useablg favorability guide for a general analysis of the ground water
withdrewal potential. One further indicator of the water content of a
ground water reservoir is the percentage of surface stream flow which ig
contributed by ground water, This portion of stfeam flow is termed base
flow or ground water runoff. Analysis of past records indicate that
average annual base flow of a given stream is approximetely equal to
Q~60 (stream flow equalled or exceeded 60% of the time) in a year of nor- _
mal climate and equal to Q-70 in a dry year. The Q-70 flow is considered
an index to the amount perennially available for consumptive use without

depletion of storage.
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The hydrologic criteria described above were spplied to the principal
aquifer reservoirs of Massachusetts. In this manner the capability of
these re#ervoira to serve as alternate sources of water supply ceould be
evaluated, The rates of withdrawal from the aquifers were estimaied by
assuming the following conditions:

1) RNo recharge occurs for 200 days in dry years and all the
water produced during this period 1s from ground water storage -- it is
assumed that reservoirs capable of sustaining withdrawals under these
conditions could continue producing forever;

2) The configurations of the reservoirs were idealized to form
elongated rectangles;

3) A system of dewatering wells, 24" in dismeter and spaced
2,000 feet apart for 2 mgd yields and 1,000 feet apart for 1 mgd yield,
was hypothesized to aid in planning and cost estimetes;

4) These wells were assumed to have no drawdown attributed to
partial penetration, thinning of the reservolr, nor well losses;

5) Available drawdowns in the wells were limited to two thirds
of the saturated thickness for water table conditions and to the top of
the producing reservoir for artesian conditions; |

6) Current withdrawals of ground water were included as a part
of the estimated withdrawals.

The results were then tabulated by area and rate of withdrawal in mgd/

s8q. mile and total withdrawal in mgd.
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C. Conclusions

The‘survey of gfound water re;ources'indicated'thaf the aquifefs in
Pkymouth County and parts of Cape Cod have the capacity to sustain long
term, 1arge magnitude withdrawals. The water demand on Cape Cod is in-
creasing at . a fast rate; therefore, this ares is not considered in.this
report, The Plymouth County area studied comprises 300 square miles and
its estimated safe yield is 300 mgd. This estimated rate exceedé the
regquired quéntity éstabiished as a goal at this study, 'Thus,.it Was con-
cluded that the Plymoﬁth_(:ounty area could offer a viable alternative
source of water supply for eastern Massachusetts.

Cost estimates for the necessany resource development were then pre-
vared., On the ba51s of these estlmates, it was determined that such a

. ground water resource alternative would be much more costiy than Northfield
Mountain plus any one of the Millers River basin alternative#.__lﬁ addition
to.economic cosﬁs, potential socio~-economic coqﬁs assoclated ﬁi?h”land
taking activities fof protection of the wellé and interference.with §h§llOW'
recreation lakeé in the region'appéar to be E%ceéﬁiﬁé also.

On the basis,.then, of cost comparisons and potential socio-economic
impacts, use of ground water does not appear to offer an attractlve

alternatlve to the proposed projects.

Dual Water Supply Systems

An alternative which has been receiving attention of late has been
the use of dual water supply systems. ‘In these systems a hierarchy of
water supply would be established whereby higher quality supplies could be

used to furnish a potable source for drinking, cooking, dishwashing, clean-
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ing, bathing and 1aﬁndering._ All other uses could be furnished by a
second supply of lessger quallty. |
- Twe general methods have been suggested for such a dual system.

The flrstrls'the possibility of recycling at the point of usage. Under
this scheme, drlnklng, washing and bathlng water would undergo treatment
. and then be further utllized a8 toilet flush water and outdoor uses, It.
is estlmated that such a gystem could reduce dqmestic water use by as
much as 50%. |

Various syéﬁems for infhéuse reuse or fbf outdoof usage_havg been
_proposed and some are being marketed on & small écale;

A&vantages to this system.beyondrpotable watef consumption reduction
"is the reductiop in sewage.water_voluﬁe, sewer pipe and pqmping1require-
:'menps; Capital coét outlay for sgcﬁ a.systéﬁibaggd on limited cost dats
would ﬁgain betmuch more expensive than wa#er delivered from the proposed
projects. Other disadvantages_tonﬁhis alternative iie with its 1imited
application and accdmpanying opergtional experience,_potential ﬁrobleﬁér
of odor and other aesthetic éonsidgrations, ~Health officiﬁls in general
Vhave ﬁo£_expressed their acceptance or rejection of' such'systeﬁs. However,
- their generalapprehenéiqn on introducing less than potable water.into
- the home enviromment could also reésonably be expected with regard to any
system of this nature, . _ | | |

The second method which hés been suggested for delivering higher and
lower quality water for varioﬁs uses would require a second distributioﬁ
system. This sgcoﬁd_distribution system woqld.carry river water of even

sea water to supplement the high quality primary supply source.
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Two methods of providing the second (lower qualitﬁ) distribution system
could be employed. The-first would involve installation of the entire
system immediately. The second, and more praétical, method wéuld be on
an incremental approach wherein secondary systems are.installed in new
or replacement buildings above a certain size. The secoﬁd approach is
evaluated in this statement. With this approach, water consumption is only .
reduced at a given time by the-building construction that utilizes secondary
systems,

- To estimate costs for such a system, a report on the New York City

area prepafed as par£ of the NEW§ Study was utilized. Based on the results
of that investigation,-preliminary capital cost estimétes,for such a dual
-systém would be about 6.5 million dollars per mgd saved. The Northfield
Mountain diversion project alone is estimated to.éost”only about

$550,000 per mgd. Therefore, it is quite apperent that use of a dual

supply distribution system as an alternative would be an. extremely expensive
altgrnative.

In summary, then, use of dual water supply systems does not offer an
slternative to the proposed projects in this statement. Of the two methods,
the system which would recycle water at the point of usage holds the more

promise for future applicaﬁion.

Other Diversion Sites

In addition to the Northfield Mountain Diversion and Millers River
Basin Diversion proposals described in this environmentai statement, a
number.of'other diversion possibilities were also evaluated. These other
possible sources included diversions from:r the mainstem Connecticut River

at other than the Northfield Mountain location; other major tributaries
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of the Connecticut River;:the mainstem of the Merrimack River .and the
Sudbury River, a tributary of the Merrimack, formerly used by the MDC.

A. Other Connecticut River Basin Alternatives

Altérnative methods of diversibn from the Connecticut Riwver Basin
such as the Deerfield River or another location on the Connécticﬁt River
could provide an equivalent yield to that of Northfield.Mouniain. De~
velopment, however, would be more expensive than either the Northfield -
Mountain or Milleré River proposals. Aside from economic costs, this
alternative deoes not appear to present any clear cut advantage from either
an ‘environmental or socio-economic standpoint. Itlappears then that
dévelopment of alternative sources would offer an opportunity for pro=-
viding the necessary short renge water supply need. Their developmeﬁt,
however, would be more eXpénsive and would not offer any advantage over
the project presently under consideration,

' B, Merrimack River Basin Alternatives

1) Merrimack River Mainstem

As an alternative to further diversions from the Connecticut River
Basin, the potential of developing the Merrimack River mainstem to meet
short term needs was also investigated. Based on studies to date,.use of
the Merrimack River tp meet long range needs, that is, beyond 1990,. holds
promise. Use of the river to meet short range needs, however, doesAnot
appear to offer an attractive alternative from either an economic or public

health standpoint.
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At present, the physical, chemical and bacteriological quality of the
river is poor. For years the river has been subject-to major discharges
of municipal and industrial wastes.  Because of these discharges, the
Merrimack is dftén qharactefized-as cne of the ten most polluted rivers
in the United States. |

Even with the existing pollution load, the mainstem river is now
used as a water supply for the Cities of Lowell and Lawrence. Water
treatment facilities for both municipalities are conventional; however,
taste and odor problems are experienced periodically at both locations.

Pollution abatement programs to implement secondary waste treatment
facilities on point sources'of-pollﬁtion are under way by state and
Federal agencies, Costs of these plants are estimated to be 235 million
dollars. Upon completion of the abatement programs scheduled fof 1976,
the river'will be improved as a water supply source.

A recent report by the Corps of Engineersl in cooperation with the
Environmental Protection Agency investigated the feasibility of vafious
altgrnatives for upgrading treatment processes beyond the planned im=
plementation schedule, Cost estimates of the various alternatives ranged
from 668 to 1108 million dollars., All of these plans would further en-
hance the quality of the river for use as a water supply soufce.

To develop the Merrimack River as a waber supply source for the short
range needs (1990) would require an intake structure, pumping facilities
and a trensmission main about 21 miles long. Cost estimates of this
alternstive, depending on.degree of waste and water treatment, énd.size
. of pumping and transmission facilities, would be in excess of those nec-
essary for the Northfiéld Mountain Project.

1 "The Merrimack: Designs for a Clean River," North Atlantic Division,
Corps of Engineers, September, 1971.
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2) ' Sudbury River

In 1872, the Sudbury River Act wés passed which authorized the
&iversion of a portion of the Sudbury River wafers to the Boston Water
Systém. Subsequent to this Aét, a series of reservoirs were constructed
~ by the Boston Water System and later by the Metropolitan Water District

to develop the watershed. Construction on the last reservoir in the hasin
was completed in 1898 and a total of 75.2 square miles of drainage area
‘was controlled, | | _

In 19&7, in response to the availability of supply from Quabbin
Reservoir and the higher quality supply from this source, the ﬁassachuseﬁts
Legislature transferred control of 8 number of the reservoirs to the
Department of Conservation. The resérvoirs trangferred represented about
50 square miles of drainsge area and Were'subseQUently developed for
recreational usage and their water supply use discontinued. |

.With_its available supplies unable to meet its short range ﬁegds, the
Metropolitan District Cdmmission has reevaluated the potential which the
full Sudbury system may have, Based on initial studies, it appears an
additional 40 million gallons per day may be made available through flood
skimming techniques,

The Sudbury Basin waters, however, have a number of water quaiity
problems. Thus, to provide the potential yield, water treatment fécili»
ties would be necessary. Preliminary cost figures for needed fécilities
are estimated to be about 43 million dollars., In addition, transmission

and pmping facilities may be necessary.
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In order to fully estimate the potential and costs for redeveloping
the Sudbury system,_the MDC is requesting funds from the Massachusetts
legislaturé.

In summary, the "redevelopment” of the Sudbury River basin could .add
an attractive increment to the available water supplies-_béing stﬁdied.
Based on preliminary cost estimates this increment is)expecﬁéd to cost

considerably more than the Northfield Mountain diversiom. Yet to

be determined as part of the MDC further study are the environmental and
socio~economic advantages and shortcomings.' In addition, even if,implef
mented, another supply would be necessary to meet-shoft range needs.

C. Conclusion

Alternative development of the Connecticut or Merrimack Rivers was
evaluated as methods of meeting short range water supply needs forecast.
Although either river basin offers opportuhities, their development would
be more expensive than the proposed project. In addition to economic
considerations, use of the heavily polluted Merrimack River does not
appear to offer an aftractive_alternative from a water quality standpoint
for short range needs,

The Sudbury system plan needs further study for a full assessment of
its potential. If the Sudbury "redevelopment™ plan were to be found
attractive and constructed, however, it would be fully compatible with
any of the other proposed projects.

Water Demand Control

The NEWS Study, cognizant of the narrow margin separating available
yield and consumer demand, conducted studies on methods available to

alleviate this critical water supply situation. Two general approaches
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to the problem were investigated: The first considered various methods
of increasing the supply available to the system. The second approach
described in this section was investigation of methods whereby demand

could be curtaiied;

A, Components of Dépand
1) General
- Water demand can be clagssified into four main categories. These.
are Domestic, Public, Commercial and Industrial. Nationally, of water
withdrawn from public systems, 46 percent is delivered to domestic cone
sumers; 13 percent to public uses; 18 percent to commerciai; and 23
percent to industrial applications. A description of uses to which water
- is applied.in the vgrious categorieslis given in the following paragraphs.
2) Domestic |
~ Domestic use, for purposes of this study, includes that water
used by the gonSUmer béth‘within his home and that used by him for allied
residential uses such as lawn sprinkling and car washing. In house,
uses of water include drinking, bathing, cooking, washing, and carrying
- away of wastes,
Total domestic water use in the United States amounts o approximately
73 gped. Few studies have been conducted regarding the composition of
this demand; however, the U.3.G.5. reports domestic'water in.Akfong Ohio

was used in the following proportions:

- 138



TABLE

questic Water Use

Carrying away of wastes - | 41%
Bathing | 3%
Cooking and Washing | %%
Drinking ' B 5%
Clothes Washing | 4%
Lawn Sprinkling ‘ 3%
Car Washing .. | .. l%

| Totgl 100%

3) Public

Public or municipal use on a national basis accounts for about
28 gped of the avérage 143 gped supplies by public water utilities. Water
used in this category is delivered to municipal facilities such as admin-
istration buildings, schools, hospitals, golf courses and.other'facilities
used by the community at large. The water delivered in this category, of
course, reacts to number and type of services provided. In Boston, for
example, with a large number of hospitals and other institutions, it is:
reported 38 percent of total water use fails within this category. In
Wellesley, a suburb of Boston, only O percent is recorded as public,

4) Commercial

A significant portion of all water delivered from public sﬁpply

systems is used by commercial establishments, Nationally, it is esti-

mated about 28 gped are used for this purpose. Within this category is
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included department stores, restaurants, hote}s, laundries and other
service elements which serve the general public, No breakdown of water
delivered to the commercial éector was available for thée Boston Metro-
pblitan area, but it is estimated 850,000.commuters travel deily to the
City of Boston. Water supplied to these commuters for their needs while
"temporary residents" cannot help but be a significdnt share of the water
supplied to the City.

5} Industrial

Many industrial esteblishments obtain their water supply from

public utilities. Of the average 157 gpcd recorded in the United States,
36 gpcd were used-in industrial plants. The water withdrawn by these
industries is used for thfee principal reasons:  cooling water; boiler
water or water used for the generatioh of steam apd.process water, which
is water that comes in céntaét with the product being manufactured.

Available records on industfial use which record individual community
usage are limited. On a state-wide basis, about 100 mgd or 13 percént
of the publicly supplied water was drawm for industrial use in 1968.
Within the MDC service area, a recent telephone survey conducted by the
NEWS Study indicated about 8 percent of water wiﬁhdrawn was used for
industrial. On this basis, then, Massachuseti{ts and the MDC service ares
are not heavy industrial water users if compared to the national

percentage of 23 percent.
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B. Methods of Controlling Demand

There are bﬁsically three meﬁhoés'whiéh gave beén sﬁggésfed‘as effec~

tive in controlling demands on water supplies, These are:
a) Changing from flat-rate to metered supply
b) Increasing the price of meteréd supply
e) Imposing of restrictions on water use

Each of these methods outlined aboﬁe, i.e., netering, pricing,_réstric-
tions are described in the following sections as they might apply to the
demand forecasts discussed in this environmental statement, |

1) Metering

The installation of meters which measure the ambunt of water used
by a consumer has been shown to be effective in varying degrees in reducing
demand for water supply. With metering, the customer is now charged for
the quantity of water used, instead of being charged a flat rate for a |
period of time regardiess of quantity used. Most of the studies conducted
regarding the effects of metering indicate domestic in-house use is rela-
tively in-elastic, but lawn sprinkling use and some industrial applications
apparently are affected.

Use of metering then appears to present a good opportunity for conserw
vation of a resource. In the Boston area, however, application of this
technique to reduce demand is quite limited. Most municipalities in
_eastern.Massachusetts already meter extensively. For example, the MDC
system is presently 96 percent metered, Completé metering, therefore,
would affect only I percent of service connections in this system and nﬁt,
therefore, affect to any significance water supply demands forecast in the

NEWS Study.
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2) Pricing Effects on a Metered Supply

"a) General

A number of articles have appeared in recent yg&rs in water
supply énd Watéf‘resource'professional journals :egarding the impact of
price increases on water demand. All of these articles attempt to quantify
the constraining influence which pricing may have upon demands. Génerally,
4thé'authors,'however, are forced to base conclusions on a generally ine-
coﬁﬁleﬁe and sporadic'empirical date base., In the following paragraphs,
a brief description of theselempirical studies is given., Following the
- study descriptions, an application of the empirical data findings to the
eastern Massachusetts forecast demand is made for both the domestic and
" industrial water components. Finally, an attempt is made to gorrelate the
reéﬁlts'éf the empirically derived dats to the local water supply system
experiences, “

" b) Prior Studies

In 1957, H,F. Seidel and E.R. Baumannt prepared.a statistical
analysis of various water works data. In their anglysis, the authors
derived an elasticity coefficient of 1.0 for certain price levels and a
idwef, inelastic coefficient for 1lover price levels, The authors, how-
ever, noted that they remained skeptical that a rate adjustment has the
prompt, proportional effect on ﬁaxer use which the elasticity coefficients
suggest.' They stated their review revealed that most rate adjustments
are moderate enough and water use habits sufficiently stable to consign
the rate factor to a "distinctly minor role as an influence on fluctuations
in water use."

1 Seidel, Harris F., and Baumann, E. Robert, "A Statistical Analysis of

Water Works Data for 1955," Journal of the American Water Works Assoc.
XLIX, No. 12 (December, 1957).
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Linaweaver, Geyer and Wolff,2 during the years 1961 - 1966, conducted
studies to determine patterns of residential water use and factors influe
encing this use. The results were fhen used to determine design criteria
for ﬁaxer supply systems, These studies were sponsored by the Technical
Studies Program af the Federal Housing Administration, and were in co-
operation with sixteen water utilities in various climatic regions. Both
residential and apartment areas were studied. Climate, economic level
of consumers, and pricing systems were considered and concluded as having
in that order the major influences on water use,

The economic level of the consumer was considered to influence water
use for several reasons. A consumer in a higher valued area is likely
to have more water using appliances which increase the overail domestic
use, A second reaéon advanced is that a higher-priced house usually has
a larger lawn which will increase the sprinkiing demand. Climate is a
major factor influencing sprinkling use when there is a lack of precipi-
tation, but it has 1it£1e effect on in-house use,

The cost of water also influences the demand. Based on their findings,
the authors conclude cost does not influence in-house water use to a great

extent, but would decrease SPTinkling use,

2 Linaweaver, F.P., Jr., Geyer, John C., and Wolff, Jerome B., A Study
of Residential Water Use, Washington: Depariment of Housing and
Urban Development Report TS-12, February, 1667.
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Howe -and Linaweaver%.using the results of the Reaidential Water Use
Studyg studied tﬁe effect of water pricing in residential areas. In-
cluded in the results of this study was the formation.of two equations
which, according to the study, described the relation of price on use.

The domestic in-house demand was considered best expressed by the .
following linear equation:

=206 + 3.47 v - 1,30 p

vhere g = gallons per day per dwelling unit
v = market value of dwelling unit in thousands of dollars
p = price per 1000 gallons in cents :

By use of this equation, the authors concluded that the effect of
price on demand and the price elasticity of domestic use could be deter-
mined.

Based on their use of this equation, Howe and Linaweaver next con-
cluded that domestic in<house use . represented a demand_relatively in-
elastic with respect to pricing changes,

Effect on summer sprinkling demands by pricing was considered as -

described by the following equation:

g = 3657 r -309 p -0.93

where r = b (v - 0,.6s)
and p = price per 1000 gallons in cents
b = irrigable area in acres surrounding dwelling unlt
w = average summer potential evapotranspiration in inches

calculated by the Thornthwaite method about 10" in
the eastern United States
summer precipitation in inches

4]
i

1 Howe, Charles E. and Linaweaver, F.P. Jr., "The Impact of Price on Residential
Water Demand and Its Relation to Systems Design and Price Structure,: Water
Resources Research, III, No. 1 (1967).

2 Linaweaver, F.P,, Jr., Geyer, John C., and Wolff, Jerome B. A Study of Resi-
dential Water Use, Washington: Department of Housing and 'UTbHﬁxﬁEVETUp’“"
ment Report 1o I? February 1967¢
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From use of this equation, it was determined that the sprinkling
demand was responéiﬁe té price chﬁnge;. Tﬁé.Howe and Linaweaver work
indicated, then, that residential water demand is dependent on the price
charged, Typical in-house demands exhibited & price elasticity of
-0.23% e.g.s a 10% increase in price will reduce demand by 2.3%, while
the price elasticity for sprinkling demands was 0.93. Sprinkling use is,
therefqre, more strongly affected by price change than domestic use.

The authors felt that pricing could be used as an effective tool to
decrease average day demands and increase revenue,

Because of the different industrial water ﬁse requirements and
variations in plant process flexibility, a single elasticity coefficient
for all industrial use is provably unattainable, Reéearch in this field
appears quite limited. One small scale study, however, has been under-’
taken within Massachusetts and the results of this study are described
in the following paragraph.

Coefficients of elasticity for water demand response to pricing
changes were studied by Stephen J;'Turnovsky.g This study was primarily
difected to the éuestidn of the response éf individuals to an ﬁﬁcertain
supply of water, From dats collected from a sample ofiMassachusetts
towns, the coefficient of elasticiiy derived for household use was around.

0.3, and for industrial demand, about 0.5.

1

1 based on a house market value of $20,000 and cost of water at L40¢/1000
’ gallons, . '

2 Turnovsky, Stephen J., "The Demand for Water: Some Empirical Evidence
on Consumers Response to & Commodity Uncertain in Supply" Water
Resources Research, V, No. 2 (April, 1969)
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c) Application of Prior Study Conc¢lusions to Eastern
Massachusetts '

As described in the previous paragraphs, both Howe-Ling-
weaver and Turnovsky have developed equations and.price elasticity based
on empirical data which suggest the influence which pricing may have on
demand. In an attempt to determine the significance of these relation«
ships to current waﬁer démand in eastern Massaghusettg, & computer
program using these relationships was developed for communities:serviced
by the MDC. |

Once the computer program had been developed, a series of hypo-
thetical price increases were imposed on fhe existing municipal rate
structures., The effect of these increases on both domestic or in-house
usé and lawn sprinkling requirements are shown in the following table:

TABLE

Effect of Hypothetical Water Supply Rate Increases on MDC Demand

Theoretical Decrease in Domestic Demand (mgd)

Price Increase Domestic Lawn Sprinkling Industrial 1+

¢/1000 gals Demand Demand Demand Total

5 k.3 1.2 1. 6.9

10 8.6 2.1 2.7 ©13.h4

15 13.0 2,9 k.1 20.0

20 17.3 3.5 5.4 26.2

30 21.6 4,1 8.3 34,0

ko 25.9 k.6 10.7 b2

20 34.5 5.3 13.7 - 53.5

1 does not include partially serviced communities.
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d) Discussion

As illustrated in.the Table price adjustments would appear
to offér an aiternative to development of supplemental water 'supfplieso
Theoretically, = price increase of 50¢ per 1,000‘galions could be expected
to reduce domésfic or in-house demands by sbout 34 mgd and a corresponding
decrease in lawn sprinkling demand by about S mgd, Industrial water use B
demandé are indicated to react by decreasing almost il mgd. The tbtélr
theoretical decrease on the system then with such a price increase would
be about 53 mgd;

On the basis of the theoretical equations then pricing would appear
to be a valuable tool for conservation of the wdter resource. A number
of questlons, however, arise concerning the direqt ‘application of. these
forecast decreased demands to the water supply situation at hand.

First, the empirical data used in the derivation of the domestic use
equations,'although the most extensive to date is far from all inclusive.
Data used was derived from él areas nationwide, which contained about
5000 dwelling units, None of the test areas were located within-southu
eastern New England, although data available from tﬁe Middle Atlantic
States was used. |

In the analysis of industrial water demand reaction data utilized
was quite limited, and other research iﬁ this area is almost nen-existent,
Development of any hard policy conclusions bdsed on such sketchy infor-
mation is, therefore, uncertain at best,

Becond, the derivation of the empirical equations for doméstic use
was based on a "static" view of cost versus use. That is, the data

employed was not an observation of a group of communities actual reac-
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tion to pricing changes. Rather the equations were developed by using a
number of communities, which for a given point in tiﬁe, haed different
water use with their individuﬁl rate struéture#. For example, Community
A in 1970 used 100 gped ﬁt a cost of 20¢ per thousand gallons; Community
B in the same year recorded an average use of 50 gped at a cost of Lo¢
per thousand gallons. Based on the apprqach used by Howe and Linaweaver,
the expected decrease in use from Community A with a pfice increase ;o
40¢ /1000 galloﬁs would be 50 gpcd. Whether the use of such a "static"
scenerio to predict dynamic conditions is valid is unknown.

That the equations may not indeed reflect the dynamic situation which
would occur with a price increase is particularlylsuspect with actual
operating experience in the Boston Region. ‘For example, in the Boston
Region, the MDC increased whoiesale prices for its water from $L40 to
$80 per million gallons in 195k, and.$80 to the current $120 per million
gallons in 1962. Neither of these price increases was accompanied by a
decrease in per capita demand 6n the system, in fact, demand increased on
the systeﬁ,

To further evaluate the dynamic impact of pricing in an actual oper-
ating experience, 8 survey was made of a privately owned water company
which recently applied a 2L¢ per 1000 gallons to its water rates. This
rate increase raised the cost 6f water to the consumer from $l.00'to
$1.24 per 1000 gallons, The two communities serviced by the compaﬁy are
principally residential, thus the rate increase based on the empiriéal
eguation should be expected to result in a demand decrease. Thé COMPANY
reports, however, that instead of experiencing a decrease.in per capita

usage, it experienced a 5 gped increase.
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Based on the actual operating experiénce of these utilities within
MetroPaiitgn Bbston,rip gppgﬁrs_aﬁ& arbitréﬁj-édoption of:the empirical
equation as a forecast tool with respect to water demand carries a large
degreelof uncertainty.

Third, all of the‘studies'gpon which the pricing-demand relationship
was developed have been basically economic studies. No éttempts_have
been made:to evaluate or quantify cost to the consumers_from_either environ-
mental quality or social considerations, For example, in the Howe and
Linaweaver study, they note the basic data exclude, among other items,
"thg costs to soclety of failure to meet demands or of penmitting pressure
drops to occur.f They further conclude that "An optimum design presumably
should balance system development_cogts at the margin against the expecteﬁ
value of losses incurred when the system fails to meet demands. Nothing:
systematic is known about such losses, in spite of the widesPread oceurrence
of drought and shortage in recent years." Presumably, thg authors?
feference.io "such losses" inclﬁdes sociai and environmehtal costsrwhich
would be borne by the consumer.

Both the social and environmenial costs of reducing water demand may
outweigh the gains derived from institution of such a policy. Whether,
in fact, the cosis would outweigh the benefits is unfortunately unknowm.

In summary, use of increased water supply prices as a method to con=
serve g resource may have merit. Yeét to berdetermined,'hcwever, are data
to support the theoretical impact such increas;s would have upon the
demand within New England.' Also unknown with this approach are the scéial
and environmental costs which would beIBOrhe by the consumer, Itrappears
then that much work remains to be done on this approach such that it can

be evaluated as a viable alternative to increased supply.
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3) Imposing of Restrictions on Water Use .

Historically, water utilities have used water use restric=
tions as a "safety factor" against depletion of supply'dufing a drought;
In general, however, most water utilities attempt to dvoid restrictions
ﬁhenever_practical. Public reaction to such restrictions, however, is
almost always unfavorable, and many examples of such publié disapproval
cén be found in newépaper clippings during the recent sixties' drought.

Imposition of restrictions on water use could not fﬁii to interrupt
the exiSting and planned life styles of communities serviced by a water
supply system. As described in the appendix on socio-econamic impacts,
restrictions on water use, depending on its degree, would have far
réaching social and economic costs, On the basis of cqsﬁs'which would
be incurred with a restriction policy, it does not appear to offer a
viablezaiternative. | |

Re-examination of the Swift and Ware Rivers Downstream Release
Schedules ' '

At the time diversions wére contemplated fromrﬁhe Connecticut River
Basin, via the Swift and Ware Rivers, Massachusetts applied to the
- Secretary of War for authority to make the proposed diversions. After
hearing arguments pro and con from Massachusetts and Connecticut, thé
Secretary permitted diversion of the flood waters of tﬁe-Warg in excess
of 85 million gallons per day between 15 October and 15 June and pro=-
hibited the taking of any water except during that period.
With regard to the Swift River, the SeCretary permitted diversion of
all waters of the Swift except enough to maintain a flow therein of 20

million gallons per day (mgd) or 31 cubic feet per second (cfs). The
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éecretary did reqnire that during the period from 1 June to 30 November
there shall be released'from the impounding dam 71 mgd.(llo efs) when-
ever the flow of the Connecticut River at Sundgrland, Massachusetts is_‘
4650 efs and 45 mgd (70 cfs), when the flow is mo're.than' 4,650 and less |
than 4,900 cfs. | |

These findings of the Secretary of War regarding operational schedules
for the diversions were later made a part of the Supreme Court Decision,
dated March 1931, in the suit between Connecticut and Massachusetts. Since
the date of that decision, diversions from the Swift and Ware ﬁivers have
been accomplished under the Secretary of War's findings.

During the progress of the NEWS Study, an interested citizens' group
suggested the setting aside of the Swift River diversion limitations with
the objective of retaining presently scheduled releases within Quabbin
Reservﬁir. The citizen group further suggested any diminution of flow
in the Connecticut River could be made up by réleases from existing Corps
of Engineers' flood control reservoirs., In keeping with this suggestion,
an exXamination of the potential which such rescheduliﬁg might have on the
short-range supply problems was nede.

The drainage area of the Swift River controlled by the Quabbin Réser-
voir is 186 square.miles. The long-term average annusl runoff from the
watershed is 187 mgd (289 cfs) of which 32 mgd (50 cfs) has been released
d@wnstream in compliance with the existing downstream release schedule.

Thus, the maximum addition to the existing water supply system which
could be achieved through re-scheduling would be 32 mgd (50 éfs). To
provide this increment, however, all downstream release would have to be

 terminated., Such a complete cessation of downstream releases with the
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subsequent "drying up" of the river reach downstreanm is, of course,
impracticable. The question then raised is what level is practlcable..
A recent studyl completed for the entlre Connecticut River Basin reccm-
mends an instantaneous discharge rate, from power reservoirs on the

_ Comnecticut River of 0.25 cubic feet per second per square mile of
upstream watershed. An application of this criteris to Quabbin Reserﬁoir,
for example, would result in a downstream release requirement of 30 mgd
(46 efs). Adoption, then, of such & modified operational schedule could
result in an additional 2mgd being made available. This incremenﬁ of

~ yield, however, would not begin to meet the short-range needs of this
report's study area which are estimated to total an additional ihl mgd .
In short, then, a re-examinatioﬁ of downstream relesse schedules with
the objective of consérving'such reléases for water supply has merit,

- However, based on the requifemenf of maintaining a viable.rivef environ=
ment downstream from Quabbin, tho opportunity for reducing downstresm
releases does not offer an alternative to the project reported upon in
this study.

The spring runoff which occurred in 1972 was of longer duratlon and
of greater magnitude than is usually experlenced As a result, dlversions
from the Ware River, in compliance with the operatlon schedule described
earller, were forced to cease even though Tlows in excess of 85 mgd were
still occurring. ThlS event trlggered a suggestion to the NEWS Study that
if the 15 June to 15 October no diversion constraint were lifted, large

additional supplies of water could be made availsble to Quabbin.

1 Comprehensive Water and Related Land Resources Investigation, Connecticut
River Basin, Connecticut River Basin Coordinating Committee, June 1970.
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A computer test was made to determine the impact of the 15 June to 15
October constraint, The results of the computer simulation indicated
that only an additional 2.6 mgd might be made available if the 4 month
no diversion period currently in effect were terminated. .

In the Ware River, as in the case of the Swift River, a re-exsmination
of downstream release schedules may have merit. _Howe#er, terminating
- the 15 June to 15 Qctober diversion period constraint does not offer an
alternative to the proposed diversion projects.

Local Resource Potential

In estimating needs which might be required of the existing_regional
supply system (MDC), the role which locally available resources might
play was investigated. The majority of new communities reported in this
study as reguiring connection to the regional system to meet future needs
was the result of engineering studies conducted by the Metropolitan Area
Planning Council (MAPC), The MAPC comprises 98 municipalities in the
Boston Metropolitan Region which includes the majority of presently
serviced MDC communities and the MDC's fubure short-range cusﬁcmers.

The purpose of the study was to identify and evaluate alternative
water supply systems which may be developed to satisfy the water supply
demands of the commumities in the Council District through the year 1990.
These systems would supplement the existing and potential local supply
systems, The need for supplementing the existing supplies of most of the
communities within the District was concluded from investigations con-

ducted in conjunction with the 1969 Needs and Proposal% report.

1 Projected Needs and Current Propossls for Water and Sewer Facilities,

July 1969, Metropolitan Ares Planning Councll by Camp, Dresser &
McKee, :
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These investigations indicated, that of the 98 communities in the Coumcil,

f only two communities had existing supplies capable of meeting projected
1990 deﬁénds, and only 17 comunities outside of the comunities served

; by the Metropolitaﬁ District Commission (MDC) reported potential supplies

Jwﬁich, together with the existing suppiies, could meet the 1990 demands,

The supplemental water systems discussed were developed along criteria

and design guidelines chosen td be sufficiently generalized to permit use

'throughout the District, yet detailed enough to produce systems which

;were technically sound, The efficient development of a water supply system

;to meet the projected demands of thé communities within the Council

' District will require further detailed studies of the most favorable

falternatives‘presented in this study. All systems were developed without

'.regard to institutional constraints. Particular emphasis was placed on

- the development of subdistrict systems which would serve a portion of the
Counéil District through the utilization of local resources.

| The supplemental needs of the individual communities were determined

by compariﬁg projected demands with the estimated safe yield of the

, existing_and potential ‘community supplies. WNeeds were assessed in éccord-
ance with the study policy that all local potential supplies were to be

l.developed. 'The needs may change in time as additional potential local

f supplies are discovered, or.potential supplies must be abandoned. It is
.emphasized thet all potential groundwater sources must be fully ekplored,

. and development seriously considered even though the water is of gquality

. that will require treatment,
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The majority of the supplies to be developed to supply the subdistrict
system will be surface supplies with either on or off stream reservoirs.
It is imperative that before any of these alternatives are adbpted; stud-
ies be_condﬁcted to investigate fully the environmental impiicaxions of
these diversions. |

In summary, the potential for local resource development_gs an alterns-
tive supplementing the existing regional supply system waS'éxamined. In_.
some regions,.particularly outside of.the Boston Metroﬁo]jdunxArea,'iocal
resources aré available which can meet future needs. In the Boston Metro-
politan Region,”hcwever, there are a nuiber of’ccmmunitiés who will réquire
connection to the larger regional system to meet forecast demaﬁds. In
turn, the.regional system requires augmentation of its supply sources to
enable it to meet the needs of present customers and those cther commu-
nities which do not have avaiiable 1oca; resources, |

Population Zoning and Regulstions

Limitation of pﬁpulation influx in a given area requires major social
and political changes before zoning legisiation can be effected. There
is also a question of cﬁnstitutionality to the principal of §opulation
zoning; If enforced, zoning will reduce population and industrial growth
and, therefore, créate population and water probleﬁs eisewhgre. Before
population regulation can bhe teken seriously, major political, social

and religious considerations must be resolved.
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6, 'The'Relationship Between Short-Term Uses of Man's Enviromment

and The Msintenance of Tong-Term Productivity
| Simply stated, the éivéfsion of wﬁter envisioned by these projécts
would cénstituﬁe a'long-teim use of some of the donor ﬂreaS'resburces
for the long-term productivity of the receiver area. The planning
process, which ihcluded extensive engineéring studies and an assessment’
6f the bioldgical and enviroﬁmental data accumﬁlaxed during the sfudy
éeriod, did not uncover any irrevérsible aétions or drastic effects on
the area eﬁvironment It did, however, brlng forth findings discussed-
elsewhere in this report which represent "trade offs" “which are
the alternates of two or more courses of possible action. Even by.
attempting o clearly delineate these points it was found that words
which hﬁve'acquired a speéifib cdnnotation in relation to the study'
vecome a major problem in interpretation. The phrase, "flood skiﬁming"
is a case in poinf. In its original sense it was used fo denote a
. course of action to divert water in the spring dﬁriné the high flow
pefibd Tt was as it has turned out, an unfortunate ch01ce of des-
crlptlve words because it has led to an erroneous oplnlon that the
total volume of the "flood waters" will be "skimmed“, In actuality,
for example, the Connectlcut River under the pr0posals dlscussed in
this draft would lose 2 3/8" of elevatlon at Montague City at the
maximum diversion rate. This sﬁall loss in elevation‘woﬁld beiun-
noticeable to the casual observer,

It should be pointed out that both donor and receiver areas are
within the borders of Massachuset£s, 50 that economic benefits realized
by the construction of the project would be reflected favorazbly on the

‘state's economy as a whole,
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7. Irretrievable or Irreversible Commitment of Resources

All of the actions considered during the course of these studies
would commit time and money, Further, structural measures would involve
the commitment of materials to build the projects and would require the
pre-empting of'SPecific sites for other uses. Creation of weirs, tunnelé,
aqueducts and other fixed structures will commit these sites to long-term
chénges in present land use patterns. The precise extent of this commit-
ment is unknown at this planning stage, but the impact can be minimized
in the detailed project planning stage and by such tools as local land
usé and zoning. ﬁeverthéless, although minor, it is a commitment to be
- recognized at ﬁhis time,

Alterations to the landscape may also have an'impact on those species
of birds which pass through on their migration or.remain to nest and raise
their young.- No known endangered species of birds or animals utilize the
proposed project lands. The amount of nesting habitat for migratory
species will remain essentially the same in the region as it is at present.

In the sﬁrictest'sense none of the prbposals cause an irretrievable
loss of resources, The rivers will still be there and water can be
returned to the ocean by the original pathways. Structures can be reﬁoved
and the land restored to its former condition. In summary, the projects
will not bring about changes in land or water use which could not be

halted or reversed.
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8. Coordination With Other Agencies

Drgf'ts of this Statement are being furnished to Federal, State, and
Loce.l. e,geﬁcies, as noted on ‘the Summary Sheet,which have particular expertise
or intérest in the project. Their comments will be used in the revision .
of this statement and incorporated in the final statement s a,s'"wi_'llrrresponses-,
of other interested éa.rties who care to respond within the forty-five day

review period.
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Public Law 89-298
89th Congress, S. 2300
October 27, 1965

ndet

Authorizing the construction, repair, and pregervation of certain public works
on rivers and harbors for navigation, ﬂpu_cl cantrnl, and for other purposes.

Be it enacted by the Senate and House of Representotives of the
United States of America in Congress assembled, :

TITLE I—NORTHEASTERN UNITED STATES WATER -
: " SUPPLY e '

Sec. 101. (a) (‘ongress hereby recognizes that assuring adequate
supplies of water for tho great metropolitan centers of the United
~ States has become w problem of such magnitude that the welfare and
prosperity of this country require the Federal Government to assist
In the solution of water sapply problems. Therefore, the Secretary
of the Army, actin t.hmug}}: the Chief of Engineers, is authorized
to cooperate with Federal, State, and local agencies in -preparing
1pls.ns. in accordance with the Water Resources Planning Act. (Public
aw R9-803 (o meet the long-range water needs of the northeastern
United States. 'This plan may provide for the construction, opera-
tion, and maintenance by the l'}mted States of (1) a system of major
reservoils to he located within those river basins of the Northeastern
TUnited States which drain into the Chesapeake Bay, those that
drain into the Atlantic Ocean north of the %hesupeake Bay, those
that dreain into Lake Ontario, and those that druin into the Saint
Lawrence River, {(2) major conveyance facilities by which water
may be exchanged between: these iver basins to the extent found
_ desirable in the national interest, and (3) major purification facilities.
Such plans shall provide for appropriate financinl participation by
the States, Political subdivisions thercof, and other local interests.
tb) The Secretary of the Army, acting through the Chief of Engi-
neers, shall construct, operate, and maintain those reservoirs, con-
veyance facilities, and purification facilities, which are recommended
in the plan prepared in accordance with subsection () of this section,
and which are specifically nuthorized by law enacted after the date
of enactnent of this Act, . o
(¢} Each reservoir included in the plan authorized by this section
shall be considered as » component of a comprehensive plan for the
" optinium development of the river basin in which it is situated, as well
asa component of the plan established in accordance with this section.
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